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FRACTIONS AND MULTIPLES OF UNITS

Decaimal
Multiple Equivalent Prefix Symbol
10° 1,000,000 mega- M
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102 100 hecto- h
10 10 deka- da
oo 1071 01 deci- d
oI “ 10?2 - T 001 centi- c
103 0001 mulh- m
10 0 000001 micro- u
10”? 0 000000001 nano- n
1012 0 000000000001 pico- P
1018 0 000000000000001 femto- f
108 0 000000000000000001 atto- a
CONVERSION TABLE
Multiply By Equals Multiply By Equals
In 254 cm cm 0.394 n
ft 0.305 m m 328 ft.
mu 161 km km 0621 m
1b 04536 kg kg 2.205 Ib
hqqt-US 0.946 1 1 1057 hgqt-US
ft? 0093 m? m? 10 764 ft?
m? 2.59 km? km? 0.386 mi?
> 0028 m’ ' m’ 3531 £
d/m 0450 pC pCt 222 d/m
pC1/1 (water) 107 pCi/ml (water) pCi/ml (water) 10° pC1/1 (water)
pCi/ m? (arr) 1012 pCi/cc (air) nCi/cc (arr) 10" pCy/ m> (air)
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These are a few scenes from the Rocky Flats Plant

Rocky Flats Plant Buffer Zone 1n the Sprning

Rocky Flats Plant Wildlife found
in the Buffer Zone

Lyndsey Ranch located in Rocky
Flats Plant Buffer Zone

Lyndsey Ranch located in Rocky
Flats Plant Buffer Zone
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ABSTRACT

This report documents the 1988 environmental surveil-
lance program at the Rocky Flats Plant The program
1s conducted by the Environmental Management Sec-
tion of the Health, Safety and Environment (HS&E)
Department under the operating contractor, Rockwell
International, Aerospace Operations Group Sampie
analyses are performed by the Health, Safety and
Environmental Laboratories (HS&E Labs) of HS&E
and by the General Laboratory of the Qualty Engineer-
ing and Control Department The report includes an
evaluation of plant compliance with all appropnate
guides, environmental imits, and standards Potential
radiation dose to the public was calculated from aver-

age radionuchide concentrations measured at the plant
property boundary and in surrounding communities
The radioactive effluents from the Rocky Flats Plant
meet the appropriate guides and standards and repre-
sent no measurable adverse environmental effects
from the operation of the plant dunng calendar year
1988 The estimated potential radiation doses to the
public from plant effluents are below Department of
Energy and Environmental Protection Agency dose
hmits and are well below background dose levels expe-
nenced in the region from natural and other non-Rocky
Flats Plant sources
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INTRODUCTION

The Rocky Flats Plant 1s a government-owned and
contractor-operated facility Itis part of a nationwide
nuclear weapons research, development, and produc-
tion complex adminustered by the Albuquerque Op-
erations Office of the U S Department of Energy
(DOE) The prime operating contractor for the Rocky
Flats Plant 1s the Aerospace Operations Group of

Rockwell International

The Rocky Flats Plant 1s located at 105" 11°30" west
longitude and 39° 53'30" north latitude in northern
Jefferson County, Colorado The plantsite consists of
2,650 hectares (6,550 acres) of federally owned land

As shown n Figure 1, major plant structures are lo-
cated withina secunity-fenced area of 155 hectares (384
acres) The plant 1s approximately 26 kilometers (16
mules) northwest of downtown Denver and 1s almost
cquidistant from the cities of Boulder, Golden, and
Arvada (scc Figure 2) Demographic estimates for
1988 arc shown in Figure 3 There 1s a population of
approximatcly 2 milhon people within a 50-mile ra-
dius of the plant

The plant 1s a key DOE faaility that produces compo-
nents for nuclear weapons, therefore, 1ts product 1s
directly related to national defense  The plant 1s in-
volved in fabricating components from plutomum,
uranium, berylhum, and stainless steel Production
activitics include mctal fabncation and assembly,
chemical recovery and punficatign of process-pro-
duced transuranic radionuchdes, and related quality
control functions Researchand engineening programs

supporting these activities involve chemustry, physics,

materals technology, ecology, nuclear safety, and

mechanical engineenng

The priedmont of the Front Range of the Rocky Moun-
tains nses 8 kilometers (5 mules) west of the site and
crests at the Continental Divide, whichis 32 kilometers
(20 miles) from the plant The natural environment of
the plantsiteand vicinity 1sinfluenced primanly by the
Front Range of the Rocky Mountains and the site
elevation, which 1s 1,829 meters (6,000 feet) above sea
level The surficial geology of Rocky Flats consists of
athinlayer of gravelly, fine-textured topsoil underlain
by a 6- to 15-meter (20- to 49-foot) thick layer of coarser,
clayey gravel Thisisunderlainby abedrock structure
uponwhich plantbuilding foundations are supported

Area hydrology 1s influenced by the surficial maten-
als, which consist of gravelly but slowly permcable
alluvium The vegetation of thearea consists of species
representathive of the short- and mid-grass praine,
pnmarily grasses, cacti and broom snakeweed Intro-
duced Eurasian weeds also make up part of the flora,

and nipanan vegetation exists along the watercourses

The climate at Rocky Flats 1s charactenzed by dry, cool
winters with some snow cover and warm summers

There 1s considerable clear-sky sunshine, and both the
average precipitation and relative humudity are low

The elevation of the plantand the major topographical
features of the area significantly influence the chmate
and meteorological dispersion charactenstics of the
site  Winds at Rocky Flats, although vanable, arc
predominantly northwesterly, with stronger winds

occurring during the winter

—~—
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1. Introduction

STANDLEY LAKE
(Westminster}

FIGURE 1 Aenal Photograph of the Rocky Flats Plant and Immediate Vicinity

The maximum annual precipitation recorded over a
24-year penod was 63 17 centimeters (24 87 inches) in
1969 Typrcally, more than 80 percent of the precipita-
tion falls as rain between Apnl and September Most

of the remaining precipitation 1s in the form of snow

Land use at the Rocky Flats Plant 1s managed by
Rockwell International for the Department of Energy
This includes land utilization planning and environ-
mental and physical control of theland Since 1977, all
major achivities conducted on plantsite land require
approval by the Rockwell Executive Land Use Com-
mittee based upon the recommendations of the Land
Use Coordinator The Coordinator evaluates all re-

search projects and other nonroutineactivities on plant

lands by means of a Land Use Request system The
effects of such activities are evaluated by Environ-
mental Management personnel through field observa-

tions

Approximately 140 structures on the plantsite contain
approximately 256,400 square meters (276 million
square feet) of floor space Of this space, major manu-
factunng, chemical processing, plutonium recovery,
and waste treatment facihties occupy about 148,600

square meters (1 6 milhon square feet)

The remamning floor space 1s divided among labora-
tory, admunustrative, utihty, secunity, warehouse, stor-

age, and construction contractor facilities, and occu-
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squarc mcters (116 -\ of contaminants to
million square fect) [ o the workplace and
Lafavette

Boulder ’; Loureulle N\.] the environment
The primary plant Processing activities
heating require- Marshall include the incinera-
ments are met by in- Eldorado Springs Su‘l’i::ﬂ:'!mm Broomfield Northglenn tion of plutomum-

ROCKY Resrynr
plant stcam boilers FLATS~ UQ contaminated mate-
PLANT
that normally use Pinechff o g Westminster nals for recovery of
natural gas but are Leyden é\l . the plutonium that
capable also of using Arva:i . Lak o they contain This
fucl ol Inaddition, . recoveryoperationis
small amounts of conducted n accor-
Wheatridge
hquified petroleum @ s 1 48 dance with an incin-
gasand clectnaity are Golden el 3\ Donve erationpermutissued
- 4o ¥ _J2\ Denver
uscd for some hcat- 70 = 42 13 to the plant by the
0 5 Lakewood |3 5 |2
ing at the plant ‘ =1 % % % z Colorado Depart-
St

Duning CY 1988, SCALE-MILES ment of Health
approximately 193 FIGURE 2 Area Map of Rocky Flats
milhion cubic meters Plant and Surrounding Communities Aur from production

(680 million cubic

fcet) of natural gas were used No fuel o1l was used
during 1988

Raw water1s purchased from the Denver Water Board
and 1s drawn from Ralston Reservoir and the South
Boulder Diversion Canal The Rocky Flats Plant used
approximately 507 million hiters (134 mulhion gallons)
of water dunng 1988

Certain operations at the Rocky Flats Plant involve or
produce hiquids, sohds, and gases containing radioac-
tive matenals Radioactive materials are handled in
accordance with stnngent procedures and within

multiple containments (physical barners) designed to

and rescarch faaili-

ties 1s continuously discharged to the atmosphere by
50 ventilation exhaust systems Prior to atmosphenc
discharge, the exhaust air passes through particulate
filtration systems located 1n filter plenums These
filtration systems employ High Efficiency Particulate
Air (HEPA) filters that are purchased to equal or
exceed the DOE specified filtration efficency standard
of 99 97 percent for 0 3 micrometer particles Prior to
mstallation 1n the filter plenum, each filter 1s tested at
the plant to ensure that the filtration efficiency 1s not
less than the standard Onceinstalled, filters are tested
for leaks which might have developed dunng han-
dhing and installation Any deficiencies are corrected

and the system rctested  Airborne effluents for all

Iy
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N
NORTH WALNUT CREEK
GREAT WESTERN
SANITARY WASTE ) T
* TREATMENT FACILITY A1 22 RESERVOIR
ROCKY FLATS =~ 132 s B3 B
PLANT B-
WALNUT
CREEK
INTERCEPTOR DITCH
C-1 . STANDLEY LAKE
WOMAN CREEK C-2
FLOW ———— )
(not to scale)

FIGURE 4 Holding Ponds and Liquid Effluent Watercourses

plant processing buildings are continuously moni-
tored for radioactive emissions  Airborne radioactiv-
ity rcleased to the environment from process opera-
tions 1s kept to a mimimum and 1s well within plant

health and safcty guidelines

The radioactive waste systems include collection, fil-
tration, hquid processing, and temporary storage fa-
ailitics for those process wastes known, or suspected,
to have beenin contact withradioactivematenals The
hquid waste process system concentrates the contamu-
nation from liquid waste into sohd wastes suitable for
shipment, along with other contaminated solid wastes,
to a DOE-approved storage or disposal facility Spe-
cific details of plant waste processing facilities are
descnbed in the Rocky Flats Plant Site Final Environ-
mental Impact Statement (US80a)

Sanitary waste1s processed by the sanitary wastcwater
treatment plant, and 1s 1solated from process waste
throughout the plant Conditioning chemicals are
added to mmprove flocculation and filtration of sus-
pended solids  The treatment plant s of the activated
sludge type and has three stages of treatment It hasa
design capacity of 19 milhon liters (500,000 gallons)
per day Present daily flows usually vary between
757,000 and 11 mullion hiters (200,000 and 300,000
gallons) per day One of two 227,000-hter (60,000
gallon) preacration holding tanks, located upstream
from the sewage plant, scrves as a surge basin to
smooth out peak flows A second holding tank pro-
vides storage capaaity for santary wastes should
emergency retention be required Liquid cffluents
from the sanitary waste treatment plant are relcased to

holding ponds for subsequent onsite irngation or off-

.



1. Introduction

site discharge to Walnut Creek  The plant has a zero
discharge goal with respect to downstream discharges
Such discharges occur only when weather conditions
prevent effective spray irmgation activities as stipu-
lated by the plant Environmental Protection Agency
National Pollutant Discharge Ehmunation System
(NPDES) Permut
conducted n accordance with the NPDES permut.

All surface water discharges are

Residual solids from the sanitary waste treatment
plant arc concentrated, dried, packaged, and shupped
to a DOE-approved waste facility

In 1988, solid wastes thathad noradioactive or hazard-
ous chermical constituents were transferred to an on-
site sanitary landfill for disposal This landfill was
designed and constructed in 1974 with an impervious
clay scal layer, a ground water intercept system, and
surfacc water diversion ditches to 1solate the landfill
from the general environment  Routine waste maten-
alsarcchecked daily for radioactivity at thelandfill site
before final bunal In addition, routine waste maten-
als onginating from buildings in which radioactive
matcrials arc handled are monitored prior to leaving
the building to ensurc that they are free from radio-
active contamination The disposal of nonroutine or
spcaial non-radicactive waste materals 1s admurustra-

tively controlled

Ground water and surface water flow 1n and around
the samtarylandfillis controllied by interceptor ditches
and by frenchdrains The ditchesdivertallupgradient
surface waters around the landfill The drains collect
ground watcer from the penmeter of the landfill and
divertat around the landfill - A holding pond collects

surfacc and subsurface drainage from the landfill

Water samples from this holding pond, the drains, and
from twenty-one (as of 1988) RCRA-quality ground
water monitoring wells 1n the vicinity are collected
routinely and are analyzed for a senes of parameters

including radioactivity

As shown in Figure 4, surface water runoff from the
plant generally 1s from west to east Runoff 1s carned
from the plant by three major drainage basins that are
tnibutaries to Walnut Creck on thenorth and toWoman
Creek on the south The south fork of Walnut Creck
recetves most of the stormwater runoff from areas

surrounding plant buildings

Also shown in Figures 1 and 4 1s the confluence of the
north and south forks of Walnut Creek which1s 11
kilometers (0 7 mules) west of the eastern penmeter of
the plant Great Western Reservoir, a water supply for
a part of the City of Broomfield, 1s 1 6 kilometers (1
miule) east of this confluence Woman Creek flows east
from Rocky Flats into Standley Lake, a water supply
for the City of Westminster and for portions of the
cihes of Northglennand Thomnton Pondson thenorth
fork of Walnut Creek are designated A-1 through A4

Ponds on the south fork are designated B-1 through B-
5 These A- and B-senes ponds receive precipitation
runoff and /or treated sanitary wastewater Pond C-1
1s located on the Woman Creek watercourse and re-
Pond C-2,

located near the Woman Creek watercourse, receives

ceives only undisturbed natural flows

surface runoff water from aninterceptor ditch parallel

to the south side of the plant production areas

Personnel m the Environmental Management Group

of Rockwell International conduct an extensive envi-

e o oa
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1. Introduction

ronmental control and surveillance program at the
plant Engincering reviews of proposed plant projects
are performed to cnsure that appropnate safeguards
arc taken for environmental protection  The environ-
mental surveillance program 1s designed to provide
assurance that these safeguards effectively imat the

release of radioactive or toxic matertals

The Rocky Flats Plant environment 1s monitored for
penetrating 1omzing radiation and for pertinent radio-
active, chemical, and biological pollutants  Air, water,
and soil are sampled on the plantsite and throughout
the surrounding region  Several Federal, State, and
local governmental agencies independently conduct
audits and additional environmental surveys both on
and off the plantsitc  The Colorado Department of
Health samples air, soil, and water at the Rocky Flats
site and in surrounding commumtes The DOE Envi-
ronmental Mcasurements Laboratory (EML) histon-
cally has conducted particulate air sampling at the
Rocky Flats Plant and has penodically performed
speaial studies, including sediment and soil analyses
Additional special analyses have been performed by
Region VIII of the U S Environmental Protection
Agency (EPA) The City of Broomfield mornutors water
quality in Walnut Creek and Great WesternReservorr,
and in November, 1988, the City of Westminster imiti-
ated a monitonng program for Standley Lake Data
from the Rocky Flats Plant, the Colorado Department
of Health, and the aities of Broomfield and Westmin-
ster are reported monthly at an Environmental Moni-
toring Information Exchange Meeting that 1s open to
the public  Also identified at this meeting are the
radwactive maternials used or handled at the plantand

plant engincering projects which may have an envi-

ronmental interest  This monthly environmental 1n-
formation cxchange meeting has been ongoing since
the carly 1970's

The information contamned in this report 1s submitted
in complhance with DOE Orders 5484 1 Chapters 11l
and IV, and 5400 1 Chapter II, and 1s a compilation of
data provided monthly to the DOE Rocky Flats Arca
Office, the Radiation Control Division of the Colorado
Department of Health, EPA Region VIII, the health
departments of Boulder and Jefferson Countics, and to
interested city officials and aitizens from communitics

near the plant
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SITE METEOROLOGY
AND CLIMATOLOGY

Meteorological data were collected on the plantsite
from instrumentation mnstalled on a 61-meter (200-
foot) tower located 1n the west buffer zone dunng
1988 Metcorological nformation in this report repre-
sents 75 percent data recovery from this
mstrumentation Table 11s the 1988 annual summary
of the percent frequency of wind directions (16 com-
pass points) divided 1nto four wind speed categones
The compass point designations indicate the true
becanng when facing against the wind  These fre-
quency valuesarcrepresented graphically in Figure 5
Thewindrose vectorsalsorepresent thebearningagainst

the wind (1 ¢, wind along cach vector blows toward

thecenter) The predominance of northwesterly winds
1s typical of Rocky Flats The low frequency of winds
greater than 7 meters per second (156 mph) with

easterly components 1s normal

The mean temperature recorded for 1988 was 8 6 °C
(47.5 °F) In 1988, the Rocky Flats Plant recorded 32 18

centimeters (12 67 inches) of precipitation

Based on 24-year monthly water-equivalent precipita-
tion averages collected between 1953 and 1976, the
mean annual precipitation at Rocky Flats 1s 38 50 centi-

meters (15 16 inches)

( TABLE 1 Wind Direction Frequency (Percent), by D
Four Wind-Speed Classes, at the Rocky Flats Plant
(Fifteen-Minute Averages — 1988)
Wind 1-3 3.7 7-15 >15
Direction Calm {m/s) (mis) (m/s) (m/s)  JOTAL
- 925 - - - - 925
N - 125 157 055 000 337
NNE - 194 110 013 000 317
NE - 180 047 000 000 227
ENE - 209 013 001 000 223
E - 307 061 001 000 369
ESE - 346 181 007 000 534
SE - 355 237 021 000 613
SSE - 292 246 027 000 565
S - 344 279 034 000 657
SSwW - 337 235 030 000 602
SW - 297 398 049 000 744
wsw - 306 306 071 004 687
w - 339 287 296 072 994
WNW - 303 442 279 012 1036
NW - 313 344 059 000 716
NNW - 177 232 045 000 454
TOTAL 925 44 24 3575 988 088 100 00
\8 >,

27
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2. Site Meteorology and Climatology

FIGURE5 1988 Annual Wind Rosc for the Rocky Flats Plant
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2. Site Meteorology and Cl

FIGURE 6 Location of Rocky Flats Plant 61 Meter Meteorological Tower
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PERMITTING ACTIVITIES

Scveral environmental permts have been 1ssued to
the plantby Federaland Statcagencies Currently, the

following permuts are in “Active” status

National Pollutant Discharge Ehmination System
Permit CO-0001333,1ssued by the U S Environmental
Protection Agency, December 26, 1984

Building 122 Incincrator Permut C-12, 931, 1ssued by
the Colorado Department of Health, March 25, 1982

Building 771 Incinerator Permat 12JE932 (C-12, 932),
1ssucd by the Colorado Department of Health, August
28,1985

Building 776 Fluid Bed Incincrator Permut C-13, 022,
1ssucd by the Colorado Department of Health, March
25,1982

Fugitive Dust Emussion Permut 87JE052L for offsite
soif remedial action program, 1ssued by the Colorado
Department of Health on june 15, 1988

On July 31, 1986, a Compliance Agreement was en-
tered into by the Environmental Protection Agency
(EPA), the Colorado Department of Health (CDH),
and the Department of Energy (DOE) for implementa-
tion and regulation of the Resource Conservation and

Recovery Act (RCRA) and the Comprehensive Envi-

ronmental Response, Compensation and Liability Act
(CERCLA) activities for the Rocky Flats Plant On
November 26, 1986, the Rocky Flats Plant submutted a
RCRA Part BPermut Apphcahoﬁ toEPAandCDH The
RCRA Part B Permit Application was revised 1n accor-
dance with comments received from EPA and CDH
and re-submutted on December 15, 1987 A Notice of
Completeness for the Part B Application was received
i August, 1988 A scparate Part B Permit Application
was submutted for transuranic mixed waste n june,
1988 The submuttal of draft Remedial Investigation
reportson July 1and December 31,1987, also took place
mn accordance with the Comphance Agrcement A
revised Remedial Investigation Report with a Feasibil-
1ty Study on the 881 Hiliside was submutted to EPA and
CDHonMarch1,1988 The remedial achion for the 881
Hillside 15 expected to begin in 1989

In 1988, no environmental assessments or environ-
mental impact statements were pubhished for the Rocky
Flats Plant under the National Environmental Pohcy
Act (NEPA)

A survey for archaeological and histonic resources was
completed during the summerof 1988 Thesurvey was
conducted as required by the National Historic Preser-
vation Act 1n accordance with estabhished procedures
of the State of Colorado Office of Archacology and

Histonc Preservation (OAHP) Ten sites of archeology-
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3. Permitting Activities

cal interest were discovered and these known sites
were revisited The OAHP has determuned that no
sites are ehigible for nomunation to the National Regas-
ter of Historic Places Two sites recerved conditions in
the OAHP findings correspondence letter requinng
further investigation if they are ever to be disturbed
Both sites are remote from the developed portion of
the facility and wall be protected

Photographs taken on Rocky Flats Plant property
durnng the 1988 archaeological survey

N
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Apple Orchard near 19th Century General Store

Stone Structure used as Barm on Woman Creek
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4

MONITORING SUMMARY

During 1988, the Rocky Flats Plant conducted an envi-
ronmental monitonng program that included the
sampling and analysts of airborne effluents, ambient
air, surfacc and ground water, and soil External
penctrating gamma radiation exposures were also
measured using thermoluminescent dosimeters The
monitoring program consists of collecting samples
from onsite, boundary, and offsite locations Monitor-
ing of water for trace quantitics of chemicals, metals,
nitrates, amons, volatile organic compounds (VOCs),

and speafic radionuchdes also was performed

Plutomum concentrations in this report represent the
alpha radioactivity from plutonium isotopes -239 and
-240, which constitute over 97 percent of the alpha
radioactivity in plutonlum handled at the plant
Reported uramum concentrations are the cumulative
alpha activity from uranium-233, -234, and -238
Componcnts containing enriched uramumare handled
at the Rocky Flats Plant  Depleted uranium metal 1s
fabricated and also 1s handled as process waste mate-
nal Uranum-235 1s the major 1sotope by weight (93
percent) in ennched uranmum, however, uranium-234
accounts for approximately 97 percent of the alpha
activity of fully enniched urantum In depleted ura-
nium, the combined alpha activity from uranium-234
and -238 accounts for approximately 99 percent of the
total alpha activity

fﬂ}tenf and: Ambient
:\“Mp “"‘tormg“ u

L3

Particulate and tntium sampling of building exhaust
systems was conducted continuously in 1988 The
particulate samples were analyzed for speafic radio-
nuchides of interest and for beryllum  Overall, 1988
cnussion data were in the ranges projected in the Plant
Environmental Impact Statement (US80a) and repre-

sent a negligible environmental impact

Particulate samples are collected by ambient air sam-
plers operated continuously onsite near the plant
building areas, at the plant penimeter, and in fourtecn
community locations Analysis of these samples indi-
cated that the concentrations of airborne plutorium at
all locations were far below applicable Denved Con-
centration Guides (DCGs) (Sce Appendix A for a
discussion of the calculation of DCGs) At the plant
penmeter and at the community locations, the 1988
average plutonium concentrations in ambient air at
each location were 005 percent or less of the DOE
DCGs

During 1988 monitoring of ambient air for non-radio-
logical total suspended particulates (TSP) and
respirable particulates (PM-10), ozone (O,), sulfur

dioxide (S0,), carbon monoxide (CO), mitrogen diox-

e e e e i e b o e
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16 4. Monitoring Summary

ide (NO), and lcad (Pb) was conducted  These six
parameters are critena pollutants regulated on a re-
gional basis by the EPA and the State of Colorado
through the Clean Air Act of 1970 that includes the
National Ambient Air Quahity Standards (NAAQS)

(US81b) The 1988 calculated annual geometric mean
for TSP was 53 percent of the former pnmary annual
geometric mean standard prescribed by the NAAQS
Respirable particulates measured by the new PM-10
methodology indicated values that were 31 percent of
the annual arithmetic mean pnimary standard of 50
mg/m® Theh ghest one-hour concentration of O, 1n
1988 was 75 percent of the EPA primary one-hour
standard  This valuc was consistent with trend levels
reported in the Denver Metropolitan area at that time
(COSK) The 1988 annual anthmetic mean for SO, was
ten pereent of the ETA primary annual anthmetic
mean standard - The highest recorded one-hour SO,
recading was 0021 ppm The maximum one-hour
concentrationrecorded for COwas5 00ppm Thiswas
14 pcreentof the pnmary one-hour NAAQS of 35 ppm
Theannual arithmetic mean of the NO, concentrations
for 1988 was ten percent of the EPA pnimary annual
arithmetic mean standard - The quarterly Pb concen-
tralions measured dunng 1988 were less than two
percent of the EPA quarterly standard  Since a suffi-
cient, multi-ycar baschine database for Cnitena Pollut-
ants has now been developed for the plant, this non-
radivactive ambient air monitoring program 1s being

discontinued effective with this report

Watcer used duning 1988 for plant process operations
was cvaporated and the condensate reused for cooling
tow er makeup or stcam plant use  Sanitary water was

ieated and spray irngated within plant boundarnies or

discharged offsitcaftcrmonmitoning, incomphance with
the Rocky Flats Plant Environmental Protection Agency
(EPA) National Pollutant Discharge Elimination Sys-
tem (NPDES) Permut (US84a) Surface runoff from
preaipitationis collected in surface water control ponds
After monitoring, this wateris discharged offsite Those
discharges are monitored for comphance with the EPA
NPDES permit Durning 1988, NPDES BOD, hmuts
were exceeded durning February, March, Apnil and
May and fecal coliform hmits were exceeded in Apnl
A discussion of these violahions appears in Section 5
Routine water monitoning 1s conducted for two down-
stream reservoirs and for drinking water sources in
nine communities  The average radioactivity concen-
trations for plutonium, uranium, amencum, and trit-
ium measured at these locations were found to be 04
percent or less of the DCGs for water  The sum of the
average concentrations for plutonium and amencium
mdnnking water samples for each community was 0 3
percent or less of the State of Colorado regulations for
alpha-emitting radionuchdes (CO81) and the EPA Na-
tional Interim - Pnimary Dnnking Water
Regulations (US76a) Average concentrations of trit-
um i community drinking water samples were all
within local background range and were less than one
percent of the applicable State of Colorado and EPA
drinking water standards (CO81,US76a)

A vegetation control program using chemical herbi-
cides was conducted duning 1988 The program was
complcted by independent icensed contractors using
EPA and the State of Colorado approved chemicals
according to the label requirements and DOE Orders
Onsite storage of peshicidesand herbicides at the Rocky

e -




4. Monitoring Summary 17

Flats Plant currently 1s being discontinued  All pesti-
cides used 1n or near surface waters are approved by

EPA for such use

Surface so1l samples for plutonium analysis were col-
lected 1n 1988 from 40 sites located on radu from the
Rocky Flats Plant at distances of 1 6 and 3 2 kilometers
(1 and 2 miles) The purpose of the program was to
determine if there are any changes 1n plutonium con-
centrations in the so1l around the plant over ime Thus
program was conducted intermittently until 1977 and
raimtiated during 1984  The 1988 plutonium concen-
trations 1n the 3 2 kilometer samples, which are near
the plantboundary, were in therange from0 02to 7 12
pCi/g (074 to263Bq/kg) Plutonium concentrations
for 1988 at a 1 6 kilometer radius ranged from 002 to
106pC1/g (074 t0391Bq/kg) Theselevelsaresimilar
to the so1l data reported in 1977 and 1987

The 1988 environmental measurement of external
penctrating gamma radiation, using thermolumines-
cent dosimeters (TLDs), showed that the annual dose
cquivalent from penetrating radiation onsite, at the
plant penimeter, and at community locations, was

within the range of regional background
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As part of the Rocky Flats RCRA/CERCLA Comph-
ance Agreement signed July 31, 1986, extensive hydro-
logic, geologic, and ground water quality investiga-
tions continued through 1988 Initial investigations

indicate above background concentrations of some

radioactiveand chemically hazardous matenals within
close proximity to past plant disposal sites and plant
operations areas These matenals include volatile
organic compounds (1e, chlormated hydrocarbon

solvents) and some radionuchdes

Remedial Investigation activities, an outgrowth of the
Comphance Agreement, required the completion of 46
additional monitonng wells during 1987 No addi-
tional wells were constructed during 1988, but a
number are planned for 1989 construction These new
wells will assist in the dehineation of radioactive or
hazardous chemical constituents in designated high
prionty investigation arcas, and they become part of
an extensive plantwide ground water monitoring
system Correchve achon measures for arcas requir-
ing such measures are now under evaluation Moni-
toring wells also were installed near previously-used
solar evaporation ponds and the present landfill as
part of the RCRA Closure Permut A total of 159 onsite
ground water monitoring wells arc now monitored

quarterly

b “““’%C KPubhc ‘Dose% .
Assessment
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Potential pubhc radiation dose commitments, which
could have resulted from plant operations, were calcu-
lated from average radionuchde concentrations meas-
ured at the Rocky Flats Plant property boundanes and
in surrounding communities Dose assessment for
1988 was conducted for the property (sitc) boundary,

nearby communitics, and to a distanceof 80 kilometers
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18 4. Monitoring Summary

(50 miles) At the plant boundary, the maximum 50-
year dosecommutment to anindividual was calculated
to be 75 X 10 rem (7.5 X 10 Sv) effective dose
equivalentand 12X 102 rem (1 2 X 10 Sv) to bone
surfaces By companson,annual effective dose equiva-
lent from the natural radiation in the Denver area
currently 1s esimated as about 3 5 X 107 1rem 35X
103Sv) (NA87) The 50-year dose commitmentof 7 5
X 10* rem represents less than 1 percent of the DOE
interim radiation protection standard of 0 1 rem effec-
tive dosc equivalent for all pathways If all the dose
were reccived from the air pathway, the bone surfaces
dosc of 12X 102 rem would represent 16 percent of
the air pathway standard for any organ (VA85)

The maximum radiation dose for community loca-
tions was calculated as a 50-ycar dose commitment of
29X 10 * rem (29 X 107 Sv) effective dose cquivalent
and 52 X 10 rem (52 X 10°® Sv) to bone surfaces
These values represent 0 03 percent of the DOE internim
standard for effective dosc equivalent and 0 69 percent
of the standard for any organ from the air pathway
only (VAB85) These values include contributions from
residual fallout caused by past global atmosphenc

weapons testing

I'he 50-year committed effechive dose equivalent to the
population hving within 80 kilometers (50 miles) of the
plant was based on the maximum community dose
estimates  For the community, the maximum effective
dose equivalent was less than the 1 X 10”3 rem dose
cquivalent specified by DOE as de minims (inconse-
quential)  (US80b) The dose commtment for all
individuals to a distance of 80 kilometers was, there-

fore, considered to be de mininus

In demonstration of comphance with the EPA Clean
Arr Actairemussions standard m40CFR 61, Subpart H,
the AIRDOS-EPA computer code was used to calcu-
late radiation dose to the public by atmospheric dis-
persion, deposition, and ecological modeling of 1988
air emassions data (US85, VA85) The results of this
calculation independently confirm that the maximum
radiation dose to a member of the public as a result of
exposure to arrborne radioactivity from the Rocky
Flats Plant in 1988 was less than 1 mrem cffective dose

equivalent
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MONITORING DATA

This section describes Rockwell International’s envi-
ronmental monitonng program for 1988, results of
sample analyses, and cvaluation of the data with
regard toapphcable guidesand standards Thereader
1s dirccted to the appendixes at the end of this report
for detailed information concerningapphcable guides
and standards, quahity control, analytical procedures,
detection hmuts, crror term propagation, and report-
ing of mimmum detectable concentrations  Appen-
dix E includes a discussion of the methodology used
for reporting measurements that were at or below the
mimmum detectable concentrations (MDC)  This
appendix also discusses the use of the less-than sign
(<)and dcfines the use of plus orminus (+) error terms

n the data
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In 1988 production and research facihtics at the Rocky
Flats Plant were equipped with 50 ventilation exhaust
systems Particulates generated by production and
rescarch activities are entrained 1n the exhaust air
strcams These particulate matenals are removed
from the air stream 1n cach exhaust system by means
of High Efficiency Particulate Air (HEPA) filters
Residual particulates in each of these systems are
continuously sampled downstream from the final

stagcof HEPA filters Ventilationsystems thatservice

arcas contaiming plutonium arc equipped with Sclec-
tive Alpha Air Monitors (SA AMs) forimmediate detec-
tion of abnormal conditions These SAAMs arc sensi-
tive to specific alpha particle energies and are sct to
detect plutonium-239 and -240 These detectors are
tested and calibrated routinely to maintain sensitivity
The monitors alarm automatically if out-of-tolerance
conditions are expenenced No such condition oc-
curred durning 1988

At regular intervals cach week, continuously collected
particulate samples are removed from cach exhaust
system and radiometrically analyzed for long-hved
alpharadiabon cmitters Beginning in September 1988,
the collection schedule for these samples was changed
from three times a week to twice a week The concen-
traton of long-lived alpha emitters 1s indicative of the
effluent quality and the overall performance of the
HEPA filtration systems If the total long-lived alpha
concentration for an effluent sample exceeds the plant
action guide value of 0020 X 1072 pC1/mi (74 X 10*
Bq/ m’),a follow-up investigation 1s conducted to de-
termine the cause and to evaluate the need for correc-
tive action The action guide 1s equal to the offsite
Derived Concentration Guide (DCG) for plutonium
activity in air  No excecdances of the alpha activity

action guide occurred dunng 1988

At the end of each month, samples for cach exhaust

system are composited into individual samples which
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20 5. Monitoring Data

undergo specificchemicalanalysis An aliquotofecach
of the dissolved composite-samples 1s analyzed for
beryllum particulates using a flameless atomic ab-
sorption spectrometry techmque (BO68) The remain-
der of the dissolved sample 1s subjected to chemical
scparation and alpha spectral analysis that quantifics
specific alpha-emitting radionuchdes  Analyses for
uranium 1sotopes are conducted for cach composite
sample In 1988, forty-two of the ventilation exhaust
systems were located in buildings containing pluto-
mum Particulate samples from these exhaust systems
also were analyzed for specific 1sotopes of plutonium
andamencium Typicallyamericium contributesonly
a small fraction of the total alpha activity airborne
release for the Plant, and amencium-speaific arrborne
cffluent data have not been reported in previous an-
nualsitereports Beginning with thusreport for CY1988,
amencium-speaific airborne effluent measurements

arc included 1n the reported data

Scveral exhaust systems service processes having a
potental for trace quantities of trhum contamination
trom January through August, 1988, continuous
sampling for tntium was conducted 1n 23 ventilation
exhaust systems  In September, 1988, the trnittum air-
borne cffluent monitoring program was modified to
delete those monitoning locations which were 1denti-
hied as no longer having a potential to contnibute to the
total tnitium release - Bubbler-type samplers are used
to continuously collect samples which are exchanged
three times cach week from the monitored locations
Tritrum concentrations in the samples are measured

using a hquid scintillation photospectrometer

Tables 2 and 3 present the quantitative data for radho-
1sotopes 1n airborne cffluents during 1988  Tritium
values include small contributions from background

(1 e, non-plant) sourccs of tntium

During 1988, the total quantity of plutomium and
amencium discharged to the atmosphere from the
plutomum exhaust systems were 15 33 uCi (5 67 X 10°
Bq)and 202 uChi (747 X 10* Bq), respectively

The maximum plutonium and americium air concen-
trations were measured from a waste treatment facil-
ity duning June, when a concentration of 0 023 X 10 1
uCi/ml (852X 10 Bq/ m?) was measured for pluto-
ntumand a concentration of 0 008 X 10'12 uCi/mi(296
x 104 Bq/ m?) was measured for amencium  The
quantity of plutonium 1n this discharge was 0 318 uCi
(118X 10" Bq) and the quantity of amencium was 0 105
uCi (389 X 10> Bq) Samples collected prior to and
following this two-day penod were within the range
typically measured from this exhaust system In Scp-
tember 1988, operations in the plant’s primary pluto-
nium recovery processing facihty were suspended in
order to accomphsh upgrades to safety systemsand to
perform a general cleanup of the faciity A phased-in
restart of the facihity began in January, 1989  The
decrcase 1n plutonium and americium release activi-
ties reported for Scptember through December, 1988

reflect the suspension of activities in this building

The total discharge of uranium from all the exhaust
systems was 11 93 pCi1(4 41X 10° Bq) The maximum
uranium concentration of 0 009 X 10712 pCi/mi 333X

-
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( )
TABLE 2 Plutonium and Americium in Airborne Effluents
Plutomum® Amencium”
Number Total Number Total
C [ C c
of Discharge max of Discharge max
Month Analyses (&) x 10712 uCi/ml) Analyses (e X102 uCr/mb)
January 45 110 0004 + 0 0054 45 017 0001 +0 00014
February 47 232 0013+0014 47 024 0005 + 0 0006
March 47 273 0010+0024 47 029 0001 + 00002
Apnl 47 118 0005 + 0 007 47 01 0001 + 0 0006
May 47 184 0015+0017 47 026 0001 + 0 0006
June 47 101 0023 + 0052 47 024 0008 + 0 0011
July 47 179 0012+0013 47 023 0001 + 00002
August 47 175 0010+0010 47 025 0004 + 0 0006
September 47 040 0010+ 0011 47 005 0 001 + 0 0002
October 47 066 0007 +0 008 47 009 0 001 + 0 0002
November 47 025 0003 +0003 47 004 0001 + 0 0002
December 47 030 0001 + 0001 47 005 0 000 + 0 0000
Summary 562 1533 0023 +0 052 562 202 0008 + 0 0011
a Radiochemically determined as plutomum-239, -240
b Radiochemically determined as americium -241
c Cmax 1s the maxxmum measured concentration
d Calculated as 196 standard deviations on an individual measurement
\s J

10*Bq/m?) was measured from a depleted uranium
production facihty in February The quantity of de-
pleted uranium from this discharge was 0 344 uCi (1 27
X 10* Bg)

The tntium discharged from the p'ant ventilation
systems was 0015 C1 (555 x 10° Bg)  The maximum
tnitium concentration of 417 X 10712 uCi/mi(1 54 X 10

Bq/m?) was observed m a sample from a routine
operation in a plutonium production building during
February The quantity of tntium rcleased to the
atmosphere as a result of this operation was 432 pCi
(160X 107 Bg)

Ovecrall, the radionuchde releases to the atmosphere

dunng 1988 were not significantly different from those
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(@ TABLE 3 Urantum and Tntium in Airborne Effluents w
Uramum® Trtium®
Number Total Number Total
of Discharge Cmaxc of Discharge Cm ax

Month Analyses ({il@)) x 1012 uCi/ml) Analyses (C) x10712 pCi/mi)
January 53 2.23 0005 + 0 0005¢ 261 -0 001 188 + 1004

‘} February 55 200 0009 + 0 0009 260 o 0 006 417 + 250
March 55 149 0004 + 00024 275 -0 003 135+ 100
Apnl 55 133 0 006 + 0 0007 262 0006 250 + 180
May 55 082 0004 + 0 0004 278 -0 002 243 + 150
June 55 087 0 004 + 0 0004 275 0002 194 + 120
July 55 0.59 0004 + 0 0004 240 0 004 100 + 120
August 55 072 0004 + 0 0004 211 0001 194 + 100
September 55 026 0002 + 0 0003 41 0 000 139+ 120
October 55 0.58 0003 + 0 0004 65 0000 97 + 155
November 55 039 0001 + 0 0001 65 0001 83 + 165
December 55 065 0001 + 0 0002 70 0001 104 + 120
Summary 658 1193 0 009 + 0 0009 2303 0015 417 + 250
a Radiochemically determined as uranium -233, -234, and -238
b Tntium 1s hydrogen-3
¢ “max1s the maximum measured concentration
d Calculated as 1 96 standard deviations on an individual measurement
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Drrect Alpha Activity Check Prior
to Effluent Air Sample Collection
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f
TABLE4 Beryllum n Airborne Effluents
Beryllium
Number Total
a C b
of Discharge max
Month Analyscs ® (ng/ m°)
January 53 00395 0 00031
February 55 00018 000003
March 55 00129 000041
Apnl 55 00131 000031
May 55 00200 000033
June 55 00159 000025
July 55 00067 000016
August 55 00101 000021
September 55 0038 000012
October 55 00058 0 00005
November 55 00102 000010
December 55 0 0061 0 00007
Summary 658 01383° 000041
a The berylhum stationary-sourcc emission-standard 1s
no more than 10 grams of berylilum over a 24-hour
period under the provisions of subpart C of 40 CFR
612@) (US78)
b Cmax 1s the maximum measured concentration
¢ Ths value 1s not sigmficantly different from the back-
ground associated with the analyses

\

R\ from the ventilabon exhaust systems was
not significantly above the background lev-
els associated with the analyses and was
well within the CDH and EPA standards for
beryllium under the Clean Air Act
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Ambientair samplersarelocated intheRocky
Flats plantsite operations area, at the plant
penimeter [at distances of approximately 3
to 6 kilometers (2 to 4 miles) from the plant’s
center], and 1n surrounding communitics
These Rocky Flats-designed air samplers
operate continuously at a volumetric flow
rate of approximately 12 1/s (25 ft3/mn),
collecting air particulates on 20- X 25-cm (8-
X 10-1n) fiberglass media Manufacturer’s
test specifications rate this filter media to be
99 97% efficient for therelevant particle sizes

under conditions typically encountered in

~/  routine ambient arr sampling (5C82)

in 1987 The atmosphenc releases are within the
normal ranges projected 1n the Plant Environmental
Impact Statement, and represent no adverse environ-

mental impact

Tablc 4 presents the beryllium airborne effluent data
for 1988 The total quantity of berylhum discharged

Arrborne particulates in ambient air are sampled con-
tinuously at 23 locations within and adjacent to the
Rocky Flats Plant operations arca (Figure 7) The
sample filters are collected biweekly and analyzed for
total long-lived alpha (TLLa) radiation If the TLL«
activity for an ambient air sample exceeds the plant

guide value [10 X 107> pC1/ml 3 7 X 104 Bg/m?)], a
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specific plutonium analy-
1518 performed  During
1988, four samples ex-
cceded the TLLo screen-
ing level and were ana-
lyzed for plutontum  The

results of these analyses

S-5, and S-16 (Figurc 7)
Samples were collected
and analyzed weckly
The tntium samplers op-
erated continuously at a
sampling rate of onc-to-

two liters of air per min-

have been included n
Table 5

Filters from 5 of the 23

onsite samplers are rou-
tincly analyzed biweekly
for plutontum These five
onsite samplers have his-

torically shown the high-

ute Water vapor in the
sampled airwascollected
mnaPyrextube filled with
silica gel Table 6 pres-

ents the mean concentra-

BB Anstreev tor Tl g oty
@ Ansvavs ror L@ ane i
A Ax Sampiers. 3 10 ¢ Memeters (2 16 & mies) Satam

tionsof tnhummeasured

in ambient air at these

three onsite stations dur-

mg the January through

FIGURE 7 Locahon of Onsite

ost TLLa activities for the

sampling nctwork Table

5 contans the mean concentrations of plutonium in
ambientair atthese stations during 1988, as well as the
mimimum and maximum concentrabions measured

throughout the ycar

The mean concentrations of plutonium in ambient air
at the five onsite stations during 1988 ranged from
0149X 10100 710X 10 pC1/ml (5 51 X 10 102 63
X10° Bq/ m?) Thesc concentrationsare less than four
percent of the offsite Dernived Concentration Guide
(DCG) for plutonium m air

Monitoring for tntium 1n ambient air was conducted

from January 6 to July 26, 1988, at onsite locations S-4,

and Plant Perimeter
Ambient Air Samplers

July monitoning penod

Annual mean concentra-

tion of trihum inambient air at the threc onsite stations
ranged from -0 07 X 1072 to 006 X10™uCi/mlarr (-
26X10%t0-22X10% Bq/m®) The ambient trittum
In air monitoring program was discontinued 1n July,
1988 with the decommussioning of the Solar Evapora-
tion Ponds. The Solar Evaporation Ponds were re-
placed by two tanks (950,000 and 250,000 gallons)
constructed to Colorado Department of Healthregula-

tions for storage of hazardous waste solutions

Samplesof airborne particulates are collected on filters
by ambient air samplers at 14 locations along or near
the plant penmeter These perimeter samplers are

located between 3 and 6 kilometers (2 and 4 mules)

PO —
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( A
TABLE 5 Piutomum-239 and -240 Activity Concentrations in
Onsite Ambient Arr at Selected Locations®
Standard  Percent
Number of  Volume Concentration® (x 107" pCvmi)®  Dewviation  of DCG®
3,d
Staton  Analyses (X 1000 m®) C mn C max C ean (€ meand € mean

S-5 25 331 0 054 1 389 0 389 0357 195

S-6 26 344 0 027 0 460 0 149 0111 075

S-7 26 328 0 045 1171 0515 0 369 258

S-8 26 418 0114 1246 0710 0 366 355

S-9 26 376 0 205 1179 0 641 0 286 321
s-6f 1 11 NA? NA 0 059 NA 030
S-7 1 12 NA NA 0 664 NA 332
S-8 1 17 NA NA 2129 NA 10 65
S-9 1 12 NA NA 1281 NA 6 41

a Air-sampling stations S-5, -8, S-7, S-8, and S-9 are located in areas where the potential for
elevated arrborne radioactivity 1s greatest (see Figure 7)

b Concentrations reflect monthly composies of biweekly station concentrations C_ = = minimum
composited concentration, Cm ax = Maximum composited concentration, Cme an = Mean composited
concentration

c To obtain the proper concentration, multiply the numbers listed in the table by 1 X 10 15 uCvml For
example, the mean concentration at S-5 was 0 389 X 10 15 pCvml

d To obtain the proper volume, multiply the numbers listed in the table by 1000 m® For example, the
arr volume sampled at S-5 was 331,000 m3

e The interim standard calculated Derived Concentration Guide (DCG) for inhalation of class W pluto-
nium by members of the public 1s 20 X 10 * uCvml (See Appendix A ) Protection standards for
members of the public are applicable for offsite locations All locations in this table are on Rocky
Flats Plant property The DCGs for the public are presented here for comparison purposes only

f Samples from stations S-6 (taken 8/9/88 1o 8/23/88), S-7 (1aken 4/19/88 to 5/3/88), S-8 (taken 11/
29/88 to 12/13/88), and S-9 (taken 8/23/88 to 9/6/88) exceeded the screening guide of 10 x 10 5
nCvmi total long-lived alpha activity Specific plutonium analyses were performed on these
samples The results of these analyses are included for completeness

g NA=Not Applicable
Y,
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? TABLE 6 Tritium Activity Concentrations in Onsite Ambient Air )
(01/06/88-07/26/88)
Condensed Standard Percent
Number of Air Volume Water Vapor Concentration® (x 102 pCvmi air)® Dewiation of DCG®
3
Station Analyses {m®) (mis) Cn Comax Cmean  (Cmean (C ean)
S-4 27 1695 805 099+124 0286+£071 -006 043 0
S-5 25 203 452 -060+174 014+127 -006 025 0
S-16 24 288 603 -092+150 023+:083 -007 039 0
a  Concentrations reflect monthly composites of station concentrations C_ = = minimum composited concentration,
Cinax ™ Maximum composited concentration, C_ - = mean composited concentration
b To obtain the proper concentration, multiply the number in the table by 1 X 10 2 ,cvml For example, the mean
concentration at S-4 was -0 06X 10 '2 pCvml
¢ The intenm standard calculated offsite Derived Concentration Guide (DCG) for tritium in air 1s 200,000 X 10 2 cv
ml (See Appendix A)
\= Y,

from the plant center (Figure 7) The samplers are
numbered S-31 through 544 Samples from each
location are collected biweekly, composited by loca-
tion, and analyzed monthly for plutortum. Table 7
presents the average concentrations of plutonum
radioactivity 1 airborne particulates at Stations $-31
through 5-44 dunng 1988 The mean concentration of
plutontum in ambient air at these locations during
1988 was 0003 X 10°'° pC1/ml (111 X 107 Bq/m?)
This concentration1s0 01 percent of the offsite DCG for

plutonum 1n air

Samples of airborne particulatesare also collected at 14

| QTR R e ey

Collecting Ambient
Air Particulate Sample
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7 M
TABLE 7 Plutonium-239 and -240 Activity Concentrations in Perimeter Ambient Air
Standard  Percent
Numberof Volume®  Concentration® (x 10°'° uCyml)® Deviation  of DCGY
Station Analyses (X1000m®) C =~ C __  C__ (C_ . (C e
S-31 12 268 0 000 0014 0003 0 004 002
S-32 12 296 -0 002 0 009 0002 0 003 001
S-33 12 375 -0 001 0 007 0002 0 002 0 01
S-34 12 371 -0 001 0 041 0 006 0012 003
S-35 12 319 -0 001 0 002 0 001 0 001 000
S-36 12 327 0000 0011 0 004 0 004 002
S-37 12 410 0 001 0027 0010 0 008 005
S-38 12 324 0000 0019 0 006 0 006 003
S-39 12 384 0000 0 008 0 002 0 002 001
S-40 12 396 -0 001 0002 0 001 0 001 000
S-41 12 346 -0 001 0 004 0 001 0 001 001
S-42 12 333 0 000 0 004 0 001 0 001 0 01
S-43 12 362 -0 001 0005 0 001 0 002 000
S-44 12 367 -0 001 0 008 0 001 0 002 000
Overall 168 4878 -0 002 0 041 0 003 0 005 001
a  Concentrations reflect monthly composites of filters by station locations C_ = = minimum concentration, C__ =
maximum concentration, Cmean = mean concentration
b To obtain the proper concentration, multiply the numbers listed in the table by 1 X 10 'S uCvml For example,
the mean concentration at $-31 was 0 003 X 10 'S pCvml
¢ To obtain the proper volume, multiply the number listed in the table by 1000 m? For example, the arr volume
sampled at $-31 was 268,000 m>
d The interim standard calculated Derived Concentration Guide (DCG) tor inhalation of class W plutonium by
members of the public 1s 20 X 10 '° pCvmi Differences in percent of DCG for the same reported mean
concentration are the result of rounding differences utilizing raw data
& _/

locations 1n or near communities in the vicinity of the
Rocky Flats Plant These locations, shown in Figure 8,
arc Boulder, Broomficld, Cotton Creek, Denver,
Golden, jeffco Arport, Lafayette, Lakeview Pointe,
Leyden, Marshall, Superior, Wagner, Walnut Creek,
and Westminster Sample filtersare collected biweekly,

composited by location, and analyzed monthly for

plutontum radioactivity Table 8 presents the average
concentrations of plutonium 1n airborne particulates
at the communuty stations duning 1988 The mcan
concentration of plutonium n ambient air at the
community stations was 0 002 X 1013 pCi/ml (740 X
108 Bq/m3) Thas value 1s 001 percent of the offsite

DCG for plutonium n air

Fy
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T )

(

| TABLE 8 Plutonium-239 and -240 Concentrations in Community Ambient Air

l Standard Percent

' Number of Volume  Concentration®x 10" pCuml)®  Dewiation of DCG®

Station Analyses  (X1000m®° C c c c c

l y ( 0 ) min max mean ( mean) ( mean)

i S-51 Marshall 12 287 -0 003 0 002 0 000 0 001 000

. S-52 Jeffco Arport 12 390 -0 001 0012 0003 0004 002

| S 53 Superior 12 312 -0 001 0 050 0 005 0014 003
S-54 Boulder 12 361 -0 002 0 028 0 003 0 008 002

, S-55 Lafayette 12 . 361 -0 001 0 035 0 004 0010 002

. S-56 Broomfield 12 336 -0 002 0004 0001 0002 000

. S-57 Walnut Creek 12 365 -0 001 0 004 0 001 0 002 001

| S-58 Wagner 12 348 0 001 0013 0 004 0003 002

' S-59 Leyden 12 396 -0 001 0010 0 002 0003 0 01
S-60 Westminster 12 255 -0 002 0 009 0 002 0 003 001
S-61 Denver 10 220 -0 002 0 007 0 001 0 003 001
S-62 Golden 11 305 -0 001 0 008 0 001 0 003 001
S-68 Lakeview Pointe 12 397 -0 002 0010 0 002 0003 001
S-73 Cotton Creek 12 341 -0 001 0 005 0 001 0 002 000
Overall 165 4674 -0 003 0 050 0 002 0 006 0 01

! a  Concentrations reflect monthly composttes of filters by station locations C_ n = MINimum concentration, C__ =

t maximum concentration, Cman = mean concentration

;b To obtain the proper concentration, multiply the numbers listed in the table by 1 X10 15 uCvmi  For example, the

mean concentration at Marshall was 0 000 X 10 'S uCvml

c To obtain the proper volume, multiply the numbers listed in the table by 1000 m? For example, the arr volume

. sampled at Marshall was 287,000 m°

l d The intenm standard calculated offste Denved Concentration Guide (DCG) for inhalation of class W plutonium by

| members of the public 1s 20 X 10°'S uCvm! Differences in percent for DCG for the same reported mean concentration

! are the result of rounding differences utilizing raw data
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During 1988, monitonng of ambient air included the
following parameters suspended particulates, ozone,
sulfur dioxide, carbon monoxide, nitrogen dioxide,
and lcad This monitoning utihzed instrumentation in
a sclf-contained shelter equipped for field sampling of
ambient air  These six parameters are criteria pollut-

antsregulated by the Environmental Protection Agency

(EPA) and the State of Colorado through the Clean Arr
Act Amendments of 1970 and 1977, whichinclude the
National Ambient Air Quahty Standards (NAAQS)
and Colorado Air Quahty Control Commission Ambi-
ent Air Standards Regulation of criteria pollutants by
EPA and the State of Colorado 1s conducted on a
regional basis, rather than for any individual facility
The Rocky Flats Plant monitoring program for these
pollutants has been conducted to provide baseline
information on criteria pollutant air concentrations in

this area

Table 9 1dentifies the detechon methodsand operating

ranges of the monitoring analyzers with correspond-

i,
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TABLE 9 1988 Ambient Air Monitoring Detection Methods
and National Ambient Arr Quality Standards (NAAQS) for Particulates,
Ozone, Sulfur Dioxide, Carbon Monoxide, Nitrogen Dioxide, and Lead
Detection Methods and
Parameter Analyzer Ranges NAAQS Averaging Time Concentration
Total Suspended Reference Method (Hi Volume) Annual Geometric Mean
Particulates (TSP) 24-Hour sampling Prmary® 75 ug/m®
(6th-day scheduling) Secondaryb 60 pg/m3
24-Hour
Primary®®© 260 pg/m®
Secondary® ¢ 150 pg/m®
PM 10 Wedding PM-10 Sampler Primary
(Particulate Matter Annual Arthmetic Mean 50 ,.Lg/m3
less than 10 micrometers 24-Hour Average 150 pg/m3
in diameter )
Ozone (03) ThermoElectron Model 49 1-Hour
Uttraviolet Photometry Pnmary® 9 012 ppm
0-0 5 ppm
Sulfur Dioxide (SO,) ThermoElectron Model 43 Annual Arthmetic Mean
Pulsed Fluorescence Pnmary® 0 030 ppm
0-0 5 ppm
24-Hour 0 140 ppm
Primary®
3-Hour \ 0 500 ppm
Secondary “
Carbon Monoxide (CO) ThermoElectron Model 48
Gas Filter Correlation (infrared) 1-Hour
0-50 ppm Primary®© 35 ppm
8-Hour
Primary®¢ 9 ppm
Nitrogen Dioxide (NO,) Monitor Labs Mode! 8840 Annual Arithmetic Mean
Chemiluminescent 0-0 Sppm Pnmary? 0 05 ppm
Lead Reference Method (Hi Volume) Calendar Quarter
24-Hour Sampling Pnmary? 15 pg/m3
(Atomic Absorption Analysis)
a Is;;maryWA—KQS are intended to protect public health
b Secondary NAAQS are intended to protect public welfare
¢ Not to be exceeded more than once per year
d Statistically estimated number of days with concentrations in excess of the standard 1s not to be more than 1 0 per

v
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ing regronal comphance standards During 1988, the
monitoring shelter was at a location near the east en-
trance (gate 10) to the plant This 1s an open area near
a traffic zone and 1s generally downwind from plant
buildings Ambient air data were collected over the
entire year with some hmted loss of data due to

cquipment malfunction dunng the fourth quarter

Final EPA resprrable particulates (PM-10) standards
weressued July 1, 1987 (US87a) Reference methods
for this new PM-10 standard were 1ssued by EPA on
October 6, and December 1,1987 (US87b) The PM-10
sampler that the Rocky Flats Plant has in use 1s one of
the two accepted sampler de31gn; specifically described
in the October 6, 1988, Federal Register Two co-
located PM-10 samplers began operations 1n the sec-
ond quarter of the 1988 sampling period The refer-
ence method for ambient lead samphing 1s still the
high-volume sampler The use of both TSP and PM-10
sampling s cncouraged by CDH until specificchanges
are made 1n state regulations that reflect the PM-10

changes in the federal regulations

Mcasurcments of TSP and lead were conducted using
the EPA reference high-volume air sampling method

The primary ambient air particulate sampler and a co-
located duplicate sampler were operated on the EPA’s
sampling schedule of onceevery sixthday Particulate
data are shown in Table 10 The highest TSP value
recorded 1n 1988 (a 24-hour sample) was 83 pg/ m3,
which 1s 32 percent of the former 24-hour primary
standard of 260 ug/m> The annual geometric mean

valuc for 1988 was 39 5 ug/ m?3, which was 53 percent

of the old TSP primary annual geometric mean stan-
dardof 75ug/m> The annual arithmetic mean for the
primary PM-10 sampler (unit “C”) was 15 8 pug/ m°,
which was 32 percent of the Primary Annual Arithme-
tic Mean of 50 pg/m® The observed 24-hour maxi-
mum was 39 1 pg/ m>, which was 26 percent of the
Primary 24-hour Standard of 150 ug/ m>

The quarterly average lead concentrationsin air (taken
from high-volume samples) for 1988 were well below
the pnmary quarterly standard of 1.5 pg/ m> The
lighest quarterly value detected was 0020 pg/ m>
collected during January, February and March, which
15 less than two percent of the EPA standard

Ambient ozone data were collected using an ultravio-
let (U V) photometnc type analyzer During 1988, a
total of 6,526 one-hour ozone samples were collected

The maximum one-hour value was 0 090 ppm, which
1s 75 percent of the primary one-hour standard of 0 120
ppm These values are consistent with levels meas-
ured 1n the general Denver metropolitan area during
1988 (COB88) Calibration of this analyzer was done
with a primary standard U V photometer

Sulfur dioxide sampling was conducted using a con-
tinuously operating pulsed fluorescence type analyzer
cahbrated by use of a certfied cylhinder gas and a
dynamuc gas dilution calibration system Thecylinder
gases, as well as the mass flowmeters, have traceabihity
to primary standards set by the National Burcau of
Standards The maximum one-hour SO, value re-

corded at the plant was 0 021 ppm and the maximum

d
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TABLE 10 Onsite Ambient Air Qualty Data

(Nonradioactive Parameters)-1988

Total Suspended Particulates (ug/m®

Total Number of Samples, “A™
Total Number of Samples, ug-d

Annual Geometric Mean, Sampler “A”
Annual Geometric Mean, Sampler “B”

Standard Deviation, Sampler "A”
Standard Dewviation, Sampler “B”

Observed 24-Hour Maximum, “A”
Observed 24-Hour Maximum, “B”

Second Highest Maximum, “A”
Second Highest Maximum, “B”

Lowest Observed Value, “A”
Lowest Observed Value, ‘B’

61
61

395
371

201
182

833
806

805
752

70
75

Respirable Particulates (PM-10) (ug/m®

Total Number of Samples, “C”
Total Number of Samples, “D”

Annual Arnthmetic Mean, “C”
Annual Anthmetic Mean, “D”

Observed 24-Hour Maximum, “C”
Observed 24-Hour Maximum, “D”

Second Highest Maximum, “C"
Second Highest Maximum, “D”

Ozone (ppm)

Number of Observations, Hourly®
Anthmetic Mean, Annual
Maximum 1-Hour Concentration

Second Highest 1-Hour Concentration

Mirimum Observation, Hourly

38
40

158
143

391
368

359
337

6,526
0032
0090
0 090
0003

a Primary ambient air particulate sampier

b Co-located duplicate sampler

¢ Continuous millvolt analyzer output 15 composited
and converted {o engineering untts for comparisen to

NAAQS (see Table 9)

)

Y,

obscrved three-hour average value was 0019 ppm,
which 1s four percent of the EPA three-hour standard
of 0500 ppm The calculated annual anthmetic mean
valucof0 003 ppmisten percentof theNAAQSannual
anthmetic mean standard of 0 030 ppm The maxi-
mum observed 24-hour average for SO, was 0009
ppm, which 1s six percent of the NAAQS 24-hour
standard of 0 140 ppm

The 6,500 hourly averages of carbon monoxide (CO)
data collected during 1988, using a gas filter correla-
tion infrared type analyzer, yielded an annual anth-
metic mean of 0 50 ppm, including a maximum one-
hour average value of 5 00 ppm, which 1s 14 pereent of
the pnimary onc-hour standard of 35 ppm A maxi-
mum eight-hour average concentration valuc of 2 00
ppm was recorded, which 1s 22 percent of the eight-
hour pnmary standard of 9 ppm

The mtrogen dioxide (NO,) data contain 5,636 hourly
averages of continuous sampling and gave an annual
anthmetic mean of 0 005 ppm, which 1s ten percent of
the NAAQS primary annual anthmetic mean stan-
dard value of 0 05ppm Themaximumonc-hour value

noted dunng this time period was 0 050 ppm

All continuous analyzers were routinely checked us-
ing estabhished precisionand operational span checks
multipointdynamic calibrathions, and cstabhished stan-

dard operating procedures

As partofanongoing quahtv assurarce program,all ot

the analyzers were subjected to an independent an-

.
14 sl
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( B
TABLE 10 Onsite Ambient Air Quality Data (continued)
(Nonradioactive Parameters)-1988
Carbon Monoxide (ppm)
Number of Observations, Hourly® 6,500
Arnthmetic Mean, Annual 050
Maximum 1-Hour Concentration 500
Second Highest 1-Hour Concentration 430
Maximum 8-Hour Concentration 200
Minimum Hourly Observation 005
Nitrogen Dioxide (ppm)
Number of Observations, Hourly® 5,636
Annual Anthmetic Mean 0 005
Maximum 1-Hour Concentration 0 050
Minimum Hourly Observation 0 001
Sutfur Dioxide (ppm)
Number of Observations, Hourly® 6,640
Arthmetic Mean, Annual 0003
3-Hour Average, Highest 0019
24-Hour Average, Highest 0 009
Maximum 1-Hour Concentration 0 021
Alrborne Lead (ug/m®)
Total Number
of Samples 6 8 6 6 .
Quarterly Avg 0020 0 008 0019 0016
a Prnmary ambient ar particulate sampler
b Co-located duplicate sampler
c Continuous millivolt analyzer output 1s composited and converted to
engineering units for comparison to NAAQS (see Table 9)
N _J
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nual auditduring 1988 - Responses of all but the NO,
analyzer were within the established EPA guidehines
for ambicnt air momitonng networks (+ 15 percent)
I'he oxides of mtrogen analyzer indicated a converter
cfficiency of less than 90 percent Maintenance proce-
dures were conducted based on this operational in-

dicator

Review of the NA AQS data for EPA Criteria Pollutants
over the past several ycars has provided a baschine
databasc for plant site needs Costbenefitanalysisand
the absence of site-specific regulations mandating this
monitoring have resulted in a rescoping of this pro-
gram  All paramcters except for the sampling of
particulates will be discontinued concurrent with
pubhcation of this report  The sampling of total sus-
pended and respirable (PM-10) particulates will con-
tinuc to provide a databasc for comparative trend

analysis

D. Waterborne . .
Effluent Monitoring . .

North Walnut Creck recerves surface water runoff
from the north side of the plantsite  (See Figure 4)
Holding Pond A-3 on North Walnut Creck 1s used to
impound this surface runoff for analysis prior to dis-
charge A sccond control point, flood control Pond A-

4 15 located further downstream

Ponds A-Tand A-2 arcisolated by valves from North

WalnutCreck Inthe past, these pondshave beenused

for storage and cvaporabon of laundry watcr - This
practicc was discontinued 1n 1980 These ponds cur-
rently are maintained m a state of readiness for control
of possible chemical spills into the North Walnut Creck
dramnage basin Disposition of Pond A-1 and A-2
runoff water 1s through natural evaporation and 1s
cnhanced by spraying water through fog nozzles over
the surface of the ponds Excess water that does not

evaporate 1s then recollected by the ponds

South Walnut Creck receives surface water runoff
from the central portion ;)f the plant This water 1s
diverted through a culvert system to Pond B-4 and
then to flood control Pond B-5 where the water 1s
impoundced for analysis prior to controlled offsite

discharge

In the past, treated sanitary wastewater also was rou-
tinely discharged to South Walnut Creck  This prac-
tice wasdiscontinued in 1979 Currently, dischargesto
South Wainut Creck following impoundment in Pond
B-5 occur only when weather conditions do not permit
onsite spray wrngation During 1988 treated sanitary
wastewater was discharged directly to Pond B-3 to be
used for spray rnigation onto Rocky Flats Plant buffer
zone areas or for discharge to Pond B-5 during inclem-
ent weather conditions  Pond B-51s discharged under
controlled conditions when Pond B-3 discharges, pre-
cipitation runoff, or a combination of the two sources
requireit PondsB-1and B-2,alsolocated inthecentral
dramnage, areresery ed as backup control ponds These
ponds can be used to retain chemical spills, surface
water runoff, or treated sanitary wastewater within

the limits of their combined capacitics
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Surface runoff water from the south side of the plant s
collected i an iterceptor ditch and flows to surface
watcr control Pond C-2, where the water1simpounded
and analyzed before discharge Woman Creek, alson
the south dramnage, 1s 1solated from this diversion
system Pond C-11s used as the monitoring point for

Woman Creek

Discharges from the Rocky Flats Plant are monitored
for comphance with appropniate Colorado Depart-
ment of Health Standards and EPA National Pollutant
Discharge Ehmuination System (NPDES) permut imita-
tions  (US84a) Annual average concentrations of
chemical and biological constituents of hquid effluent
samples collected from Ponds A-3, A-4, B-3,B-5,and C-
2 during 1988 are presented tn Table 11. The data are

indicative of overall water quality for these ponds

During 1984, the plant NPDES permitexpired and was
replaced by a renewed NPDES permut with the same
scven discharge locations 001, 002, 003, 004, 005, 006
and 007 The discharge locations are 1dentified in
Table 11 The NPDES permit places monitoring and
reporting requirements and limitations on daily con-
centrations and monthly average concentrations for
specific parameters There were violations of the
NPDES permit during some months of 1988 The
violations consisted of exceedance of the allowable
Biochemical Oxygen Demand (BODg) himuts dunng
the months of February, March, Apnl, and May and of
theallowable fecal cohiform limut for Apnl, 1988 Table
12 summarizes the 1988 NPDES Permut exceedances

The probable cause of the violations to BOD, permit
himits hasbeen attnbuted to mabihity to remove sludge
from the Sewage Treatment Plant (STP) durning cold
and wet weather and to sludge drying and disposal
hmutations  These conditions diminish the efficiency
of the treatment system because the aging sludge
whichresults becomes less biologically active for treat-
ing the waste Lower efficiency 1n the treatment proc-
ess results in higher levels of BOD; 1n the waters being
discharged from the facihity This problem i1s common
to simular treatment systems throughout the State and
country Rocky Flats Plant has commissioned studies
by independent consultants of both the STP and hold-
ing ponds to be performed dunng the winter and
spring scasons The STP studies are designed to char-

actenze and optimize processes in that facility

One of the corrective actions imitiated to provide relief
from the STP sludge removal problem includes instal-
lation of anexpenmental polyurethane hledrying bed
The completion date of this drying bed 1s projected for
spring 1989

Another corrective action initiated to correct the fecal
coliform wviolation was increase of the chlonne feed
ratento the disinfectant contact basin and installation
of a chlonne dispersion system A dechlorination
facility 1s scheduled for installation n the spring of

1989 to prevent chlorine violations during discharge

Studies of the holding ponds were inihated to charac-

tenze algal contnbutions to BOD; levels These stud-

Lo
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TABLE 11 Annual Average Concentrations of Chemical
and Biological Constituents in Liquid Effluents?
Number of
Parameters Analyses  minimum maximum mean®
Discharge 001°
pH.SU 43 68 81 -
Nitrate as N, mg/! 43 117 47 16
Total Suspended Solds, mg/l 43 0 14 39
Total Residual Chlorine, mg/ 43 009 02 01
Total Chromium, mgh 10 <0 05 <0 05 <0 05
Total Phosphorus, mg/l 16 05 10 06
Fecal Colform, #/100 ml 43 3 312 71
Biochemical Oxygen Demand 15 3 >40 >1565
(BODS), mg/t
Discharge 002°
pH, SU 14 69 81 .
Nitrate as N, mg/| 14 08 48 23
Discharge 003°
Durning 1988 there were no discharges to offsite waters from the Reverse Osmosis Pilot Plant
Discharge 004°
Duning 1988, there were no discharges to offsite waters from the Reverse Osmosis Piiot Plant
Discharge 005°
pH, SU 20 52 80 -
Nitrate as N, mg/! 20 004 301 181
Nonvolatile
Suspended Solids, mg/| 20 co 5 105
Discharge 006°
pH, SU 38 68 83 -
Nitrate as N, mg/t 38 005 267 125
Nonvolatile
Suspended Solids, mg/t 36 00 70 12
Discharge 007° !
pH, SU 4 72 83 -
Nitrate as N, mg/l 4 <002 056 019
Nonvolatile
Suspended Solids, mg/i 4 00 20 10
a Examples of NPDES Permit imitations are presented in Table A 2
b ¢ mINmum = minmum measured concentration, ¢ maximum = maximum measured concentration c mean ‘}
= mean measured concentration |
¢ The Environmental Protection Agency NPDES discharge permit defines the discharge locations as follows !
001 - Pond B-3
002 - Pond A 3
003 Reverse Osmosis Pilot Plant
004 - Reverse Osmosis Plant
005 - Pond A-4 ‘
006 - Pond B-5 )
007 - Pond C-2 '
\ y
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Table 12 Summary of Rocky Flats Plant 1988 NPDES Permit Exceedances
Reporting Permit Reported
Parameter —Penod Limits —Besults
30-day Daily 30-day Daily
~Avg. Max, —Avg, Max,
BOD, - mg/l 102 25°
Feb 1988 11 —
Mar 1988 213 285
Apr 1988 >27 >40
May 1988 11 —_—
30-day 7-day 30-day 7-day
~Avg. ~Avg, Avg -Avg.
Fecal
Coldorm 200°¢ 400°
No /100 mi Apr 1988 312 —
a  This imitation shall be determined by the anthmetic mean of a minimum of three (3) consecutive samples
taken on separate weeks in a 30 day period
b  Any single analysis and/or measurement beyond this kmitation shall be considered a violation of the condt-
tions of this permnt
¢ Averages for Fecal Coliform shall be determined by the geometric mean of a minimum of three (3) consecu-
tive grab samples taken durning separate weeks In a 30-day period for the 30-day average, and during
L separate days in a 7-day peniod for the 7-day average (mimimum total of three (3) samples)
\ )

1cs, which are still 1n process, are indicating that sig-
nificant contributors to the elevated BOD, values from
the Pond B-3 discharge site are high algal populations
and other factors unrelated to the STP operations

No violations to the Rocky Flats Plant NPDES permut
have occurred since May, 1988

Prior to discharge from Ponds A4, B-5,and C-2, water
1s sampled and analyzed for gross alpha, gross beta,
tritum, gamma activity, pH, nitrate as mtrogen (N),
and nonvolatile suspended solids Water 1s not re-
leased 1f the plant action level for any paramecter is
exceeded In general, these action levels are based on
EPA and CDH dnnking water standards

;
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Collection of Grab Water Sample

During releases from Ponds A4, B-5, and C-2 1n 1988,
water was sampled continuously The samples were
analyzed later for plutonium, uranium, amencium,
tntium, pH, nutrate as N, and non-volatile suspended
solids Water was also sampled continuously and
collected daily from the outfall of Pond C-1 and col-
lected from the Walnut Creek at Indiana Street sam-
plingstation when there was flow Daily samples were
taken and analyzed for tnttum The daily samples
were composited into weekly samples for plutonium,
uranium, and amencium analyses Concentrations of
plutonium, uranium, amencaum, and trittum 1n water
samples from the outfalls of Ponds A4, B-5, C-1, C-2
and from Walnut Creek at Indiana Street are presented
in Tables 13and 14 All plutomium, uranium, ameri-

cium, and tnhum concentrations at these locations

were 1 3 percent or less of the applicable DOE Denved
Concentration Guides (DCGs)

As previously mentioned, surface runoff water from
the Rocky Flats Plant passes through Ponds A~4, B-5,
and C-2 where the water 15 sampled and analyzed for
radionuchdes during the discharge process During
1988, thecumulative amounts of plutontum from Ponds
A4, B-5,and C-2 were29x10° C1 (11X 10°Bq),8 0X
10°° C1 (30 X 10° Bq), and 8 8 X 10 C1 (33 X 10° By),
respectively The yearly cumulative totals for ura-
nium, were 8 37 X 102 C1 (31 X 108 Bg), 1 56 X 102 Ct
(58 X 10® Bg), and 366 X 10 C1 (14 X 10’ Bg),
respectively The totals for amencium were 27 X 10 5
C1(10X10°Bqg), 84X 10°C1(31X10°Bg),and 41X
10% C1 (1 5 X 10° Bg), respectively

During 1988, Rocky Flats Plant raw water supply was
obtained from Ralston Reservoir and from the South
Boulder Diversion Canal Ralston Reservoir water
usually contains more natural uranium radioactivity
than the water flowing from the South Boulder Diver-
sion Canal Dunng the year, uranium analyses were
performed monthly on samples of Rocky Flats Plant
raw water The uranium concentrations measured
durng 1988 are presented in Table 15 Uranium con-
centrations measured dunng 1988 1n raw water aver-
aged 16 X 10°° pC1/ml (0 06 Bq/1) or 0 002 pg/ml

Approximately 1226 gallons (4,6401) of waste contarm-
nated with polychlorinated biphenyls (PCBs)and low-
level radioactivity are stored in approved holding
facihihes at the Rocky Flats Plant Some operating

|
| |
nbe i Hdid
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TABLE 13 Plutonium, Uranium, and Americium Concentrations
in Water at the Rocky Flats Plant
Number of Percent of
Location Analyses ¢ minmum® C maximum® € mean® DCG
Plutonium Concentration (X 10° ;LCI/ml)b
Pond A-4 5 0003 + 0030° 00914+ 0035° 002 + O 03d 008
Pond B-5 15 0017 &+ 0054 008 + 004 002 + 004 007
Pond C-1 32 003 £ 002 006 + 003 001 + 002 003
Pond C-2 2 009 + 003 0103 £+ 0038 010 + 003 033
Walnut Creek
at Indiana Street 26 -0016 3 0025 0034 + 0014 001 &+ 002 003
Uranium Concentration (X 10°2 pCvmi)® -
Pond A-4 5 25 3 02° 112 4 12° 65 + 079 13
Pond B 5 15 21 + 02 80 4+ 08 38 1+ 04 08
Pond C-1 32 -0008 £ 02 32 + 03 09 4+ 02 02
Pond C-2 2 35 + 03 45 1+ 03 40 4+ 03 08
Walnut Creek
at Indiana Street 26 08 + 01 121 £ 10 48 + 0S5 10
Americium Concentration (X 10° uCl/ml)f
Pond A-4 5 0013 + 0027° 003 i 002° 002 & 002¢ 007
Pond B-5 16 0004 £+ 002 004 ¢+ 005 002 + 003 007
Pond C-1 32 0005 + 0023 0060 + 0013 001 + 003~ - 002 -
Pond C-2 2 002 £ 002 007 + 003 005 &+ 003 017
Walnut Creek
at Indiana Street 26 001 + 002 0067 + 0032 001 + 002 003
a  © minimum = mimmum measured concentration, € maximum = maximum measured concentration, © mean = mean measured
concentration
b Radiochemically determined as plutonium -239 and -240 The intenm standard calculated Denved Concentration Guide (DCG)
for plutonium 1n water available to members of the publici1s 30 X 10'9 HCVm! (See Appendix A)
¢ Calculated as 1 96 standard deviations of the individual measurement
d Calculated as 1 96 standard deviatons of the mean
e Radiochemically determined as uranium -233, -234, and -238 The intenm standard calculated Denved Concentration Guide
(DCQG) for uranium in water available to members of the public 1s 500 X 10'9 uCvml (See Appendix A )
f Radiochemically determined as amencium -241 The intenm standard calculated Denved Concentration Guide (DCG) for
amencium in water available to members of the public 1s 30 X 10'9 pCvmi (See Appendix A ')
\ Y,
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TABLE 14 Tntum Concentrations in Water
at the Rocky Flats Plant
Number of Tritum Concentration (X 10°7 pCvmi) Percent of
Location Analyses Cmimmum®  © maximum® € mean® DCG®
Pond A-4 5 -270 + 290° 310 + 320° -60 + 170d 0
Pond B-5 24 -680 + 290 320 + 520 -10 £ 190 0
Pond C-1 32 -600 + 500 500 + 360 -20 £+ 130 0
Pond C-2 3 -300 + 300 20 + 290 -130 £ 220 0
Walnut Creek
at indiana Street 98 -570 + 420 900 + 380 -60 £+ 140 0
a  © mimimum = minimum measured concentration, © maximum = maximum measured concentration,
© mean = mean measured concentration
b  The intenm standard calculated Derived Concentration Guide (DCG) for tritium in water available
to the members of the public 1s 2,000,000 X 10 o pCvml (See Appendix A)
¢ Calculated as 1 96 standard deviations of the individual measurement
d Calculated as 1 96 standard deviations of the mean
\ Y,

transformers contain PCBs, and each 1s 1dentified,
properly labeled, and protected according to EPA
regulations A program 1s 1n place to replace all PCB
contaiing transformers  Analytical results from
downstrcam waters during 1988 showed no concen-
trations of PCBs in excess of the analytical detection

limit of approximately one part per bilhon

A vegetation control program using chemucal herbi-

cides was conducted at the Rocky Flats Plant dunng

1988 The application was completed by heensed
mdependent contractors using EPA approved chemu-
cals apphed stnictly according to the manufacturer’s
label Pesticides used 1n or necar surface waters are
approved by the EPA for suchuse Rockwell personnel
conducted inspections to ensure comphance with the
appropnateregulations govermngapplication of herbs-

cides

siéﬁ%ﬂ
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e )
TABLE 15 Uranium Concentrations in the Rocky Flats Plant
Raw Water Supply
Number of Uranum Concentration (X 10°° pCvmi)2 Percent of
Location Analyses Cminmum®  © maximum®  © mean® DCG
Rocky Flats
Raw Water® 12 031019 44303% 16 +03° 03
a Radiochemically determined as uranium-233, -234, and -238 The interim standard calculated
Derived Concentration Guide (DCG) for uranium in water available to members of the public 1s 500
X 109 uCvml (See Appendix A )
b ¢ minimum = minimum measured concentration, ¢ maximum = maximum measured concentration,
© mean = mean measured concentration
¢  Source of raw water - Ralston Reservoir and South Boulder Diversion Canal
d Calculated as 1 96 standard deviations of the individual measurement
e Calculated as 1 96 standard deviations of the mean
\ y
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History - Ground water monitoring for radionuchdes
and other parameters has been conducted at the Rocky
Flats Plant since the first monitoring wells were in-
stalled in 1960 Ground water monitoring wells have
been penodically added to this network as appropn-
alc By 1985, a total of 56 ground water monitoring
wells had been installed at the Rocky Flats Plant A
major upgrade in the monitoring program occurred in
1985 when installation of new stainless steel monitor-

ing wells was begun to monitor for the United States

Environmental Protection Agency’s Resource Conser-
vation and Recovery Act (RCRA) chemical parame-
ters The chemicals monutored are typical of those
which might be generated at hazardous waste man-

agement facilities

Environmental charactenzations at Rocky Flats Plant
currently are required by the U S Environmental
Protection Agency (EPA), the Colorado Department of
Health (CDH), and the Department of Energy (DOE)

As part of a plant-wide geologic and hydrogeologic
charactenzation in 1986 , monitoring wells were 1n-
stalled in the RCRA regulated units (West Spray Field,
Solar Evaporation Ponds, and PresentLandfill) These
units recerved vanous types of regulated wastes after

oy
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1982 A F c :\
2 Additional RCRA-quality wells were installed at Table 16 Ground Water Monitonng
Parameters
waste management sites that received various wastes
prior to 1982 Thescssites, regulated under the Compre-
hensive Environmental Response, Compensation, and
ponse,L.ompe ’ Temperature
Liability Act (CERCLA), include the High Prionity Site pH
fic Conductance
(the 881 Hhllside Area) and the Medium Pniority Sites Speciic Co
(the 903 Pad, Mound and East Trenches Areas) Atotal
Metals

of 69 RCRA-quahty wells were installed 1n 1986

A hydrogeologic characterization report and plans for
ground water monitoring were included in the RCRA
Part B permit apphcation submitted to CDH and EPA
m November, 1986 An annual report discussing the
RCRA regulated units 1s submutted to CDH and EPA
Region VHI by March 1, of every ycar  This report
addresses the current status of cach RCRA regulated
umt’s monitoring network, contaminant concentra-

tion, location, and rate of movement

Hydrogeologic investigations continued 1n 1987 and
consisted of the installation of 67 ground water moni-
toring wells Results of theinvestigations canbe found
in the Remedial Investigation Report for the 881 Hill-
side Arca, (RI88)and the Remedial Investigation Report
for the 903 Pad, Mound and East Trenches Areas,
(RI87) Both of these reports can be found at the
Colorado Department of Health, the Environmental
Protection Agency Region VIII, and other Federal

document repositories in the area

Work Plan for 1989

Ground water monitoring will be coordinated by the
Plant’s RCRA/CERCLA Programs with samphing and

amalysis on a quarterly basis for 1989  Analytical

EPA Target Analyte List Metals
(including 24 different metals)
Lithwm
Ceswum
Molybdenum
Strontium

Anions
Bicarbonate

Carbonate
Chionde
Nitrate
Sulfate

ni
EPA Target Gompound List VOCs
(including 34 different Volatile
Organic Compounds)

Radionuclides
Gross Alpha
Gross Beta
Uranium-233, -234, -235, -238
Americium-241
Plutonium-239, -240
Trtum

\- /

parameters are listed in Table 16

Natural vanability of background concentrations {r
the analytes of interest in all ground water investiga-
tions at the plant must be deternuned 1n order to

obtain a meaningful companson and resolutionof any
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contaminant problem Therefore, a comprehensive
background characterization for ground water quality
has been imitiated

Draft plans foradditional investigation of the Medium
Priority Sites - 903 Pad, Mound and East Trenches
Arcas - were completed 1n 1988 and submutted to EPA
and CDH for review and comments The stratigraphic
complexity of the Arapahoe Formation will be investi-
gated using high resolution seismic reflechon This
program will optimize the ground water monitoring
network Draft plans for the remedial investigations of
the Low Prionity Sites also were completed 1n 1988 and

submitted to EPA and CDH for review and comment

Further charactenization of RCRA regulated units will
consist of the installation of an additional 55 ground
water monutoring wells A network of approximately
126 prezometers also will be installed within the plant
buildings area in order to characterize ground water

flow dynamics

Geology—Surficial materials consist of the Rocky Flats
Alluvium, alluvial deposits 1n the valleys, and collu-
vium (slope wash) The Rocky Flats Alluvium 1s
topographically the highest and 1s the oldest of the
alluvial depositsinthe vicinity of the plant (See Figure
9) The Verdos Alluvium, Siocum Alluvium, Terrace

Alluvium, and Recent Alluvium (lowest channel
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FIGURE 10 Geologic Cross-Section in the Rocky Flats Plant Area

du posits) are found in the drainages and are primanly
reworked Rocky Flats Alluvium with the addition of
some bedrock matenal  The Rocky Flats Alluvium s
comprised of poorly sorted Quaternary deposits of
sand, gravcl and cobbles within a clay matrix Ithasa
varving thickness due to the underlying undulating
bedrock surface  The thickest portion occurs on the
west side of the plant (up to 100 feet) and 1t 1s thinnest

to nonexistent on the cast edge of the plant

Bedrock at the Rocky Flats Plant 1s comprised of two
poorly indurated fluvial formations of Cretaceous age
- the Arapahoce Formation (Ka), which 1s immediately
beneath the 384 acre security-fenced arca of the plant,
and the upper Laramie Formation (Klu) which under-
hes the west buffer zone  (See Figure 10) The Ara-

pahoe consists of fluvial claystones with interbedded

discontinuous lenticular sandstones and siltstones
Weathenng has penetrated the bedrock 1040 feetbelow
the surficial maternial  The Laramie Formation can be
separated into two geological units  The upper Lar-
amie consists pnmanly of fluvial claystonc with dis-
continuous thin sandstone lenses  The lower Laramie
1s compnsed of sandstones and siltstones with inter-
bedded claystones Directly under the plant, bott for-
mations dip approximately scven degrees castward

toward the Denver Basin

Hydrogeology—Therearc basically two hydraulically
connected ground water flow systems at the Rocky
Flats Plant These occur in the Rocky Flats Alluvium
and other surficial matenials (including valley fill
materials), and in the bedrock, primanly the clav-

stones and sandstones of the Arapahoe Formation

de
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The shallow ground water flow system occurs in the
Rocky Flats Alluvium and other surficial matenals
under unconfined conditions Thissystemisrecharged
by nfiltration from incident precipitation, creeks,
ponds, surface water diversion canals and spray evapo-
ration/irngation systems Monthly water level meas-
urements show this system to be quite dynamic, with
large fluctuations in water table elevations in response
to scasonal and other stresses Large areas of httle or

no saturated condihions exist in the alluwvial systems

Flow direction of water in the alluvial system gener-
ally follows topography, to the east and toward dran-
ages Inaddition, water flow direchions are controlled
by the topography of the bedrock surface beneath the
surficial matenals Ground water discharges to the
surface environment through evapotranspiration and

bascflow to spnings and stream channels.

The majonty of the ground water movement 1n the
Arapahoc Formation occurs in the sandstone lenses
Recharge to the sandstone lenses occurs where they
arcin direct contact with the alluvium (subcrop areas)
orbylcakage through the weathered claystone Ground
water flow 1s casterly to an area of discharge along the
South Platte River, in the general area near Fort Lup-

ton, Colorado

Sampling and Analysis

Quarterly sampling was conducted for selected pre-
1986 wells and all of the wells constructed through
1986 and 1987 A total of 159 momtonng wells are

currently sampled quarterly (Figure 11) Ground

water quality parameters analyzed 1n 1988 are shown
in Table 16 All of the third and fourth quarter data
were not available during preparation of this report
Due to theamount of data involved, only those volatile
organmc compounds (VOCs), morganic compounds,
metalsand radionuchdesmost prevalentateachRCRA
and CERCLA sitearepresented Completed analytical
results for these parameters are found in the 1988
annual RCRA ground water monitoning report for
regulated units at Rocky Flats Plant (RI89) and the
Remedial Investigation reports for the 903 Pad and 881
Hillside areas (RIS?, RI88)

The results of ground water samphing and analyses,
including the range of 1988 concentrations from avail-
able data and plume mugration for cach of the regu-
lated unuts at the Rocky Flats Plant are discussed
below The areal extent of contamination 1s depicted
by themost mobile contaminant - 1n most cases nitrate
The location of the contaminated plumes 1s shown in

Figure 12

Data Analysis- RCRA Units
Ground water quahty data indicate that VOC and

nitrate contamimation exists in the alluvium of several
areas Theextentof plumemigration foreach constitu-
ent 1s well within the plant boundary (Figures 11 and
12) Themost prevalent VOC, tnchloroethylene (TCE)
1s present 1n the alluvium beneath and adjacent to the
solar ponds at concentrations as high as 8,000 pg/1

(For the purposes of this report, 1 pug/l 1s approxi-
mately equivalent to 1 ppb and 1 mg/1 1s approxi-

mately equivalent to 1 ppm) Nitrate concentrations
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beneath and adjacent to the solar ponds ranged from a
background concentration of 1 5mg/1to 12,100 mg/1

Total Uranium concentrations in the viciruty of the
Solar Ponds ranged from a background concentration
of 242 pC1/1 10 358 pC1/1(8 95 x 102 Bq/1 to 13 2 Bq/
1) Tntium concentrations ranged from a background
concentration of 593 pCi/1t0 9,000 pCi/1(21 9Bq/1to
333 Bq/1) The general pattern of lugher concentra-
tions (Figure 12) decreases rapidly away from the

ponds 1n a north easterly direction

Thereare currently no conclusive indications of degra-
dation of bedrock ground water quality by the Solar
Ponds, with the exception of urammum and nitrate
directly beneath the ponds (RI89)

Results of ground water quahity investigations at the
West Spray Field Area indicate a modest increase n
above-background nutrate concentrationsbeneath and
immediately upgradient of the unit VOCs are not
present in detectable concentrations at the West Spray
Fields Nitrate concentrations beneath and adjacent to
the West Spray Field range from a background concen-
tration of 1.5 mg/1t0 67 mg/1 Total uramum concen-
trations range from 04 to 12 8 pC1/1(1 5 X 102 Bq/1 to
47X 107 Bq/l) Figure 12 indicates that the hugher
concentrations of mitrates are within the boundaries of
the West Spray Field

There 15 no indication of contaminant mugration in the
bedrock bencath or adjacent to the West Spray Field
(RI89)

Results of ground water quahity analyses in the arca of
the present Landfill indicate that the Landfill may bea
source of elevated sulfate, bicarbonate and total stron-
tium to the adjacent alluvial ground water However,
the contarmunant plume 1s largely confined within the
landfill proper VOCs are not present beneath or
adjacentto the present Landfill Sulfateconcentrations
beneath and adjacent to the present Landfill ranged
from a background concentration of 27 mg/1 to 4600
mg/l Strontium concentrations ranged from 016
mg/1 to 946 mg/l Uranium concentrations ranged
from a background concentration of 2.8 pCi1/1 to 74
pCi/1(105X 107 Bq/1t027X 107 Bq/1) The extent
of plume migration for the above constituents 1s well
within the plant boundary as shown on Figure 12 A
radioactive 1sotope of strontium (Sr-90) was analyzed
forin 1987 and found to be annsigrnuficant contnbutor

to the total strontium concentrations

Data Analyses - CERCLA

Ground water quahty data indicate that VOC contarru-
nationexistsin the alluvium of each of the igh pnonty
remedial investigation (RI) arcas The extent of plume
mugration of the major contaminants s well within the
plant boundary, asindicated inFigures 11and12. Due
to the close proximuty of some areas to each other, the
contamination converges 1n several locations Rela-
tive concentrations of the major contaminants in the

three RI areas duning 1988 are discussed below

At the 881 Hillside Area, the most prevalent VOC,

tnichloroethylene (TCE) 1s present at concentrations

e o e RdeF L
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ranging up to 15,500 pg/l Nitrate concentrahions
range from below detectable to 617 mg/1

Uranmum-238 concentrations range frombelow detect-
able to 24 pC1/1 (below detectable to 89 X 10! Bq/1)
Tntium concentrations are generally less than 220
pCi/1(81Bq/1) Plume migration in the alluvium at
the 881 Hillside Area 1s generally 1solated at a site
which was historically used for drum storage (Figure
11) Bedrock ground water in the vicinity of the 881
Hillside Arca does notappear to be affected by alluwial

plume migration bencath that area

Results of ground water quality analyses at the Mound
and East Trenches Areas indicate moderate TCE con-
centrations extending eastward from the mound area
to the cast of the East Tenches Area (Figure 12) Thus
plume extends to approximately 5500 feet (1700 me-
ters) west of Indiana Strect (within DOE property)
TCE concentrations i this area range from below
dctectable to 221,860 pg/1 Nitrate concentrations n
this arca range from less than 0 02 to 992 mg/1 Ura-
num-238 concentrations range from 06 to 21 pCi/1
23X 102 to 78X 102 Bq/1) Tritium concentrations
were all less than 220 pC1/1(8 1 Bq/1)

Bedrock ground water in the vicimity of the East
Trenches appears to have an elevated concentration of
VOCGs, indicating a downward mugration of the con-
taminant plume from the Mound and East Trenches

Arcas

Analysis of ground water quality data from the 903

pad arca indicates that VOC contamination including

tetrachlorocthylene (PCE)and TCE contamination have
alimited lateral extentin thealluvium TCE concentra-
tions range from below detectable to 11,000 ug/1 PCE
concentrations range from below detectable to 212
ug/1 Nitrate concentrationsin the 903 Pad Arca range
from less than 0 02 mg/1 to 591 mg/1 Uranium-238
concentrations ranged from012to 28 pCi/1 (44X
10%t010 Bq/D Tntium concentrations ranged from
less than 210 pCi/1 to 370 pCi/1 (7 8 to 14 Bq/1)

Figure12indicates that plume migrationin the 903 Pad
Area has a hmited lateral extent,1e, no cioscr than
approximately 1 6kilometer (one-mile) fromthePlant’s
eastern boundary Bedrock to the southwestof the 903
Pad contains elevated PCE, TCE and Uranium-238
The concentrations of VOC 1n the sandstones of the
bedrock indicate that these sandstones are being re-
charged by the overlying alluvium which contains
higher VOCs in the 903 Pad Area

Future Monitoring
Ground water monitonng will continue on a quarterly

basis for 1989 Analytical parameters are given n
Table16 Monthly water level measurements also will

continue 1n order to better charactenze flow patterns

Additional phases of the remedial inveshgations for
the medium pnonty sites willbeginin 1989 Investiga-
tions for RCRA Closure activities will begin 1n the
spnng of 1989 Remedial Investigahons of the low
priorty sites will begin in the autumn of 1989 These
investigations will further assess the facility’s impact
on the ground water systems Feasibihty studies have

inihated the development and selection of effective
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corrective action measures for the high prionty areas
Construction of facihities to be used for corrective
actions, such as water treatment systems, currently 1s
proposed to begin as early as the fall of 1989
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Regional water monitoring includes samphng and
analysss of public water supphes and tap water from
several surrounding communities However, only
Great Western Reservorr and Standley Lake, of the
regional water supplies, receive runoff from Rocky
Flats Plant dranage systems (Figure 4) The Rocky
Flats contnibutions to radionuchdes in regional water
supphies through airborne emissions were estimated
in the Plant Environmental Impact Statement (US80a)
These contnibutions were neghgible compared to

contnbutions from fallout and natural background

Water samples were collected weekly dunng 1988
from Great Western Reservoir, a water supply for the
City of Broomfield, and from Standley Lake, a water
supply for the City of Westminster and portions of the
Cities of Thornton and Northglenn The weekly
samples were composited into a monthly sample, and
analyses were performed for plutonium, uranium,
and amenicicum concentrations Trittumanalyses were
conducted on weekly grab samples Annual grab

samples were also collected from three regional reser-

vorrs (Ralston, Dillon, and Boulder) and the South
Boulder Diversion Canal at distances ranging from1 6
to 96 kilometers (1 to 60 miles) from the plant These
samples were collected to determune background data
for plutonium, uranium, americium, and trittum 1n
water. These data are presented in Tables 17 and 18

Drinking water from Boulder, Broomfield, and West-
minster was collected weekly, preserved, composited
monthly, and analyzed for plutonium, uranium, and
amencium Tntum analyses were performed on
weekly grab samples. Quarterly grab samples of tap
water were collected from thecommunities of Arvada,
Denver, Golden, Lafayette, Louisville, and Thomton
Samples were analyzed for plutomum, uranium,
amencium, and tntum These data are presented 1n
Tables 17 and 18

Evaluationof theregional reservoir and drinking water
data indicates no unusual trends or results The pluto-
nium, uranium, amencium, and trittum concentra-
tions for the regional reservoirs represented a small
fraction (0 4 percent or less) of the DOE Denived Con-
centration Guides (DCGs) The average plutonium
concentration in Great Western Reservoir was 0 004 X
10°uC1/mi(15X10%Bq/1) Thisvalueisintherange
of concentrations predicted for Great Western Reser-
vorr 1n the Plant Environmental Impact Statement

(US80a) The values given in the Environmental Im-
pact Statement are based on known low-level pluto-
nium concentrations in the reservoir sediments Re-

sults of the 1988 plutonium, uramum, amencium, and
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TABLE 17 Plutonium and Urarium Concentrations
in Public Water Supplies

Number of Percent of

Location Analyses C minimum? C maximum?® € mean® DCG
Reservoir Plutonium Concentration (X 10 pCI/mI)b
Boulder 1 0004 + 0029° 0004 + 0029° 0004 + O 0299 001
Dillon 1 0005 + 0028 -0005 4 0028 -0005 i+ 0028 0
Great Western 12 0003 i 0007 002 4+ 003 0004 + 003 001
Ralston 1 0025 4+ 0033 0026 + 0033 0026 + 0033 009
South Bouider

Diwversion Canal 1 0003 + 0028 0003 + 0028 -0003 1 0028 0
Standley 12 0004 1+ 0006 006 + 004 0005 + 0016 002
Drinking Water
Arvada 4 0018 3+ 0028° 010 + 0029° 0002 % O 0299 o
Bouider 12 0002 i+ 0003 0009 4+ 0008 0000 + 0011 0
Broomfield 12 001 4+ 003 006 4+ 003 001 1+ 002 003
Denver 4 0013 4+ 0029 006 4+ 004 0008 + 003 003
Golden 4 0005 3+ 0028 0008 + 0029 -0001 + 003 0
Lafayette 4 0012 + 0026 002 4+ 0030 -0004 1 0029 0
Louisville 4 0005 + 0030 0014 ¢ 0031 0005 & 003 002
Thornton 4 0002 + 0027 005 ¢t 004 0019 4+ 003 006
Westminster 12 002 4+ 003 0018 ¢ 009 000 + 001 o]
Reservoir Uranlum Concentration (X 10" uCUml)®
Boulder 1 04 4+ 01° 04 + 01° 04 4+ 019 008
Dilion 1 05 4+ 01 05 4+ 01 05 4+ 01 01
Great Western 12 02 4+ 01 36 & 03 205 4 022 041
Ralston 1 09 1+ 01 09 + 01 09 1 Of 02
South Boulder

Dwersion Canal 1 05 4+ 01 05 + 01 05 <+ 01 01
Standley 12 10 1 Ot 28 4+ 02 18 + 02 036
Drinking Water
Arvada 4 009 + 009° 057 £+ 012° 039 1 0149 008
Boulder 12 003 £+ 009 05 4+ 02 023 1+ 01t 005
Broomfield 12 05 4+ 02 26 4+ 02 117 + 015 023
Denver 4 024 4+ 008 19 4+ 02 092 + 014 018
Golden 4 039 + 008 21 & 02 112 ¢ 015 022
Lafayette 4 009 + 007 024 + 011 017 + 009 003
Louisville 4 008 + 009 028 009 013 + 012 003
Thornton 4 17 4+ 02 33 4+ 03 187 + 021 037
Westminster 12 030 1+ 009 14 4+ Ot 062 + 013 012

a c mimmum = mimmum measured concentration, c

C

maximum = maximum measured concentration,

mean = mean measured concentration
b Radiochemically determined as plutonium -239 and -240 The calculated Derived Concentration Guide (DCG) for
plutomum in water available to members of the public 1s 30 X 10 s uCiml (See Appendix A)

Calculated as 1 96 standard deviations of the individual measurements
Calculated as 1 96 standard deviations of the mean
e Radiochemically determined as uranmium -233, -234, and -238 The calculated Denved Concentration Guide (DCG) for

uranium in water available to members of the public 1s 500 X 10 9 uCvml (See Appendix A)

a o

~

o Baaa

3
T L a2 1o



\
[ ] [ 3
52 5. Monitoring Data
(— TABLE 18 Amencium and Tntium Concentrations M)
in Public Water Supplies
Number of Percent of
Location Analyses C mimmum? C maximum? C mean? DCG
Reservoir Americium Concentration (X 10°? uCU/mi)®
Boulder 1 0015 4+ 0026° 0015 &+ 0026° 0015 +0 026° 005
Dillon 1 0005 4+ 0028 0005 + 0026 -0005 4+ 0026 (o]
Great Western 12 0004 4 0005 0011 + 0007 0003 + 0008 001
Ralston 1 0002 + 0025 0002 + 0025 0002 + 0025 0 007
South Boulder
Diversion Canal 1 0016 i+ 0022 -0016 1 0022 0016 1 0022 0
Standley 12 0001 4+ 0006 002 + 003 0007 4+ 001 002
Drinking Water
Arvada 4 0008 + 002° 0018 4 0030° 0002 1 0024° 0 007
Boulder 12 0002 4+ 0005 002 4+ 0007 0003 + 006 001
Broomfield 12 0001 1+ 0006 0017 £ 0008 0006 + 001 002
‘J Denver 4 0005 + 0023 0004 3 0025 0001 4+ 003 0
Golden 4 0009 4+ 002 0003 + 0025 0004 +004 0 01
Lafayette 4 0014 1+ 0022 0021 4 0025 0002 4+ 002 0
Lousville 4 0016 + 0022 0005 + 0023 -0009 002 0
Thornton 4 0000 + 0024 0060 + 0032 0026 + 002 009
Westminster 12 -0004 4+ 0005 0025 4+ 0008 0005 4+ 0006 002
Reservor Tritium Concentration (X 10" uCimi)®
Boulder f
Dilion 1 227 4+ 521° 227 4 521° 227 + 5214 001
Great Western 48 -960 + 280 730 &+ 590 30 &+ 120 0
Ralston f
South Boulder
Dwersion Canal f
Standley 48 740 1+ 290 1380 + 520 10 £+ 130 0 0005
Drinking Water
Arvada 4 340 & 260° 310 + 540° 30 + 4209 0
Boulder 12 -610 + 530 600 ¢+ 600 20 &+ 130 0
Broomfield 12 -500 i+ 420 640 3 610 20 + 120 0
Denver 4 410 1 520 10 + 520 230 &+ 420 0
Golden 4 400 + 260 300 + 540 50 £+ 420 0
Lafayette 4 -250 + 260 30 & 300 60 + 420 0
Louisville 4 -280 520 90 + 520 130 3 420 0
Thornton 4 -300 + 260 150 4+ 530 50 &+ 420 0
Westminster 12 -700 + 290 740 + 600 10 + 130 0 0005
a ¢ minimum = minimum measured concentration, ¢ maximum = maximum measured concentration, ¢ mean = mean
measured concentration
b Radiochemically determined as americium 241 The interim standard calculated Derived Concentration Guide (DCG)
for americium in water available to members of the public 1s 30 X 10 9 uCvml (See Appendix A}
¢ Calculated as 1 96 standard deviations of the individual measurements
d Calculated as 1 96 standard deviations of the mean
e The intenm standard calculated Derived Concentration Guide (DCG) for tritium in water available to members of the
public 1s 2,000,000 X 10 ® pCvml {See Appendix A )
f Not analyzed
ik - J
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tntium data for dnnking water in nine communibes
were withinthebackground range Alldninking water
values were 0 37 percent or less of the applicable DCG

Drinking water standards have been adopted by the
State of Colorado (CO77, CO81) and the Environ-
mental Protection Agency (EPA) (US76a) for alpha-
cmutting radionuchdes (excluding uranmum and ra-
don) and for trtium  These standards are 15 X 10°
pCi/ml and 20,000 X 10 uC1/ml (555X 10" Bq/1and
740 Bq/D) respectively  During 1988, the sum of the
average concentrations of plutonium and amencium
(alpha-emutting radionuchdes) for each commuruty
tap water location was 0 045 X 10 uC1/mi (1 7 X 103
Bq/1) or less This value 1s 0.3 percent or less of the
State of Colorado and EPA dninking water standards
for alpha activity The average tnitium concentration
in Great Western Reservorr, Standley Lake, and n all
community tap water samples was 10 X 10”7 pCi/ml
(37X107 Bq/l orless That value 1s typscal of back-
ground tntium concentrations in Colorado and repre-
sents less than one percent of the State of Colorado and
EPA drinking water standard for tntium (CO81,
US76a)
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Forty soi1l samples were collected in October 1988 at

radial intervals of approximate distancesof 1 6and 3 2

kilometers (1 and 2 miles) from the center of the plant

The soil samples were collected by dniving a 10 X 10
centimeter (4 X 4 inches) cutting tool 5 centimeters (2
inches) into undisturbed soil (RO88) The soil sample
within the tool cavity was collected and placed into a
new one-gallon metal can Five sub-samples were
collected from thecorners and center of two one-meter
squares, which were spaced one meter apart Each set
of ten subsamples was composited for the plutonium

radiochemical analysts

The 1988 so1l plutonium data are summanized in Table
19 and displayed on Figure 13 The concentrations of
soil plutontum at the 1 6 kilometer (1 mile) distance
from the plant center ranged from 002 to 10 6 pCi/g
(074 t0 391 Bq/kg) The concentrations of soil pluto-
ntum for the 3 2 kilometer (2 mile) samples ranged
from002to7 12 pC1/g (0 74 to 263 Bq/kg) The maxi-
mum plutonium values were found in the soil samples
from the eastern portion of the 6550 acre buffer zone

These sample locations are east and southeast (gener-
ally downwind) of the major source of plutomum
contamination, the 903 Pad Area The plutorium
concentrations measured 1n 1988 were similar to the
values measured since 1984 Data for 1985, 1986 and
1987 are included 1n Table 19 for companson Figure
14 has been included to 1dentify the sampling locations
by number Vanability in concentrations from year to
year for sampling at the same site 1s to be expected

Samplesare collected from the area around asamphng
location, never more than 100 feet from the located
samphing point To sample the same location exactly

from year to year 1s not desirable, since that location
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Table 19 Plutomum Concentration® in Rocky Flats Area Soil
Samplesb at One and Two Miles from the Plant Center, 1985-1988

1985 1986 1987 1988
Location Pu(pC1/g)° Pu (pGi/g)* Pu (pC1/g)° Pu (pC1/g)°
1-018 OISiOOZd 015+002 018 +002 010+001
1-036 008+001 010+002 006 +001 088 +001
1-054 002+001 004+001 004 +001 003+001
1-072 032+003 063+006 051 +005 037+004
1-090 10 +009 74 +062 705 +077 106 +098
1-108 130 £13 150 +14 237 +021 104 +094
1-126 19 +017 19 +018 275 +028 155+ 014
1-144 032+003 027 +002 036 +004 020+002
1-162 010+001 008 +001 017 +002 009+001
1-180 006+001 006+001 010 +001 006 +001
1-198 016+002 016+002 021 +002 010+ 001
1-216 005+£001 010+001 016 +002 005+001
1-234 005+001 004+001 005 +001 005+001
1-252 014+002 011+001 021 +003 009+001
1-270 007+001 008+001 009 +001 007+001
1-288 005+001 005+001 006 +001 003+001
1-306 009+001 017+002 021 +003 012+001
1-324 015+002 021+002 024 +003 016+ 002
1-342 002+001 003+001 003 +001 002+001
1-360 011+001 019+002 016 +002 012+002
2-018 004+001 003+001 004 +001 002+000
2-036 002+001 007+001 010 +001 007+001
2-054 003+001 005+001 010 +001 003+001
2072 033+003 023+002 036 +004 011+001
2-09%0 25 +025 53 +048 448 +052 712+ 067
2-108 041+004 046+004 057 +006 047 +005
2-126 042+004 0444005 040 +004 003+001
2-144 004+001 004+001 008 +001 035+003
2-162 001+000 002+001 003 +001 002+001
2-180 011+001 004+001 003 +001 003+001
2-198 002+001 008+001 014 +002 010+001
2-216 004+001 006 +001 007 +001 007+001
2-234 005+001 005+001 007 +001 003+001
2-252 004+001 007+001 006 +001° 004+001
2-270 004+001 006+001 008 +001 006+001
2-288 004+001 005+001 013 +002 007+001
2-306 006+001 002+001 008 +001 002+000
2-324 004+001 009+001 008 +001 014+002
2-342 013+001 012+ 001 014 +002 010+001
2-360 009+001 005+ 001 008 +001 005+001
a Not blank corrected
b Sampled to a depth of 5 cm

¢ Concentrations are for the fraction of soil measuring less than 2mm 1n

diamecter

d Error term represents 2 standard deviations
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would have been disturbed by the previous years
sampling Since the sampling from year to year s from
shghtly different locations, the effects of non-uniform
deposition by wind, redistribution of plutonium by
erosian or faunal activities, and sampling and analyti-

cal error will all contribute to vanabihity

So1l Sample Collection
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Thermoluminescent dosimeters (TLDs) are used to
measure external penetrating gamma radiation expo-
sure at 46 locahons on and off the plantsite Rephcate
TLDS are located at each site  All TLDs are environ-
mentally exposed for three months The TLDs are
placed at 18 locations within the 384 acre property
enclosed by the secunty fence Measurements are also

made at 16 perimeter locations three to six kilometers
(two to four mles) from the plant and 1n 12 communi-
ties located within 50 kalometers (30 rules) of the plant

The TLDs are placed at a height of one meter (three
feet) above ground level.

Dunng 1983, conversion from a Harshaw TLD system
to a Panasonic system was imtiated For one complete
calendar year, two TLDs of each type were used at
each monitoring location Beginnung 1n 1984, only the
Panasonic TLDs were used

The environmental TLDs consist of two Panasonic 802

dosimeters, each of which hasfourelements Only one

e dh"i
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4 )
TABLE 20 Environmental Thermoluminescent Dosimeter Measurements
Mean Annual 95% Confidence 95% Confidence
Location Number of Number of Measured Dose  Interval on the Interval on an Individual
Catcgory Locations  Measurements (mrem) Mean (mrem)*  Measurement (mrem)®
Onsite 18 109 154 +4 + 47
Penmeter 16 87 128 + 2 +19
Community 12 68 155 + 4 + 37
a Calculated as 1 96 standard deviations of the mean
b Calculated as 1 96 standard deviations of the individual measurements
\_ J

of thc clements of each dosimeterisused This element
consists of calcium sulfate, thulium dnfted (CaSO, Tm)
deposited on a polymid surface The phosphor 1s
covered with a clear teflon, and backed wath an
opaquc ABS plastic The TLDs are packaged ina small
plastic bag, a paper envelope, and another plastic bag
to protect them from the weather Total filtration over

the phosphor 15 178.5 mg/cm?

Theenvironmental dosimeters have been individually
calibrated (three times each) against an onsite Cs-137
gamma cahbration source Calibration hnearty stud-
1es have confirmed that TLD response 1s linear for
exposure levels ranging from 10 mrem to 1000 mrem
The mean calibration factor for each dosimeter 1s
apphied to measurements taken with that dosimeter
Anadditional correction1sapplied to correct for day to

day variations in reader cahibration

Itwasdetermined thata statistically sigruficant (p=0 05)
difference 1n response exists between the Harshaw
environmental monitoring system used prnior to 1984,
and the Panasonic environmental monitoring systems
used beginning 1n 1984 In order to compare the 1988
values with the previously reported Harshaw data, 1t
1s necessary to multiply the Panasonic results givenin
Table 20 by 1 046

The annual dose equivalent for each location category
was calculated by determuning theaverage mrem/day
for each of the three categones using data from the
four quarters in 1988 These values were then mult-
phied by 365 25 to obtain yearly totals

In previous Annual Reports, the Annual Measured
Dose was reported with a 95 percent confidence inter-

val on the mean using the standard error of the mean,
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calculated from the vanance of the individual meas-
ured values  Beginning in 1985, the 95 percent confi-
dence interval on an individual observation within
cach location category - calculated as 196 standard
deviations - was added to the report Ths latter
interval may be used for assessing the vanability of the

individual location measurements within a location

category

The 1988 environmental measurements using TLDs
arcsummarized in Table 20 Theaverage annual dose
cquivalents, as measured onsite, in the penmeter
cnvirons, and in communihes, were 154, 128, and 155
mrem (1.54 128, and 1.55 mSv), respectively These
values arc indicative of background gamma radiation

n the arca
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ASSESSMENT OF
POTENTIAL PLANT
CONTRIBUTION TO
PUBLIC RADIATION DOSE

In August 1985, the Department of Energy (DOE)
adopted an interim radiation protection standard for
DOE environmental activities to be implemented 1n
CY1985 (Va85) This intenim standard incorporates
guwdance from the National Council on Radiation
Protection and Measurements (NCRP), as well as the
Environmental Protection Agency Clean Air Act air
cmission standards as implemented in 40 CFR 61,
Subpart H (US83, US85) Included in the intenm
standard 1s a revision of the radiation dose hmuts for
protectionof the publicfor DOE facilities In July, 1988,
DOE published radiation dose conversion factorstobe
used for calculabing dose from intakes of radioactive
matcrials and from exposure to external penetrating
radiation resulting from air and water immersion and
ground deposihon (US88a, US88b) The internal dose
factors are based on the International Commussion on
Radiological Protection (ICRP) Publications 30 and 48
methodology for radiation dosimetry The DOE -
tenm standard and the dose conversion factor tables
have been used 1n this 1988 “Annual Site Environ-
mental Monitoring Report” for assessment of the po-

tental Rocky Flats Plant contribution to public radia-

tion dose As 1n past Annual Reports, the dose hmuts
and dose conversion factors used are specaified, and
compansons can be made with informahon 1n past
Annual Reports to determine the magnitude of the
che;nges

Potential public radiation dose commitments, which
could have resulted from plant operations, were calcu-
lated from average radionuchide concentrations meas-
ured at the DOE property boundary and in surround-
ing communities Inhalation, water ingestion, and - to
amuch lesser extent - ground-plane irradiation are the
pnincipal pathways of exposure  Swimming and con-
sumption of foodstuffs are insignificant pathways
Thas latter finding 1s to be expected because of limted
swimming and fishing in the area and because most
locally consumed food 1s produced at considerable

distances from the plant

The dose assessment for 1988 was conducted for sev-
eral locations the Rocky Flats Plant property (site)
boundary, nearby commuruties, and sites to a distance

of 80 kilometers (50 miles) Dose conversion factors

i
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used for the inhalation and water ingestion, and
ground-plane 1rradiation pathways were from the
tables provided by DOE  (US88a, US88b) The relative
abundances of plutonium and amencium isotopes in
plutonium uscd at Rocky Flats Plant (shown 1n Table
21) were used to calculate composite dose conversion
factors for plutonium The fractions of ingested radi-
onuchides that are absorbed from the gastro-intestinal
tract and the lung clearance classes for inhaled radi-
onuchdes were chosen to maximize the associated
dosc conversion factors  The inhalation rate of 2 66 x
10* m*/s and the water ingestion rate of 2 Iiters (2 1
quarts) per day were derived from data for the ICRP
reference man and were included 1n the factors (In75)

Each of these dose conversion factors 1s for a 50-year

dose commutment from one year of chronic exposure
The dose conversion factors used in this report are
histed 1n Table 22
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Plutontum and amencium n the Rocky Flats environs
are the combined result of residual fallout deposition
from global atmospheric nuclear weapons testing and
past releases from the plant Uramium, a naturally
occurring element, 1s indigenous to many parts of

Colorado and also 1s used 1n plant operations in vari-

( A\
TABLE 21 Isotopic Composition of Plutomum Used at Rocky FlatsPlant (US80a) h
Relative Weight  Specific Activity  Relative Activity® Fraction of Pu Alpha
Isotope (Percent) (Cvq) (Cvg) Actwnyb
Pu-238 oo 171 000171 0 0233
Pu-239 8379 0 0622 0 05834 0 7962
Pu-240 580 0 228 001322 0 1804
Pu-241 036 103 5* 0 37260* 5 085"
Pu-242 003 0 00393 118 x10°® 161x10°
Am-241 - - - 0 20°
* Beta Activity
a Obtained by multiplying the percent by weight by the specific activity
b Obtained by dividing the relative activity by the sum of the relative activities for the plutonium
alpha emitters
¢ The value for Am-241 is taken to be 20% of the plutonium alpha activity
\ J
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ﬁ
Table 22 Dose Conversion Factors Used in Dose Assessment Calculations
Inhalation  [rem_ mulliter) *°
microcurie
Pu-239, -240
Qrgan
Effective Dose
Equivalent 571 X102
Liver 222%10'®
Bone Surfaces 104X 10%4
Lung 108X 10'3
Water Ingestion frem milliger } ¢
microcurie
QOrgan
Etfective Dose
Equivalent 353X 10° 329X 108 190X 10°
Liver 132X 107 124X 107 ©)
Bone Surfaces 642X 107 591X 107 299 X 108
Lung ® ) )
Ground-Plane Irradiation  frem  square meter) ¢
microcurie
Qrgan
Effective Dose
Equivalent 480X 107 209X 103
Lver 453X 108 178X 103
Bone Surfaces 162X 105 369X 10°
Lung 978 X% 108 201X 103
a Inhalation and water ingestion dose conversion factors were adopted from DOE/EH-0071 (US88b) and are for a 50-year dose
commitment penod and a 1 um Activity Median Aerodynamic Diameter (AMAD) particle size (VA8S) Gl absorption fractions
and lung clearance classes were chosen to maximize the dose conversion factors
b Annhalation rate of 2 66 X 102 mVs for 1 year was assumed
¢ Awaterintake rate of 2 X 1 03 ml (2 1 quarts) per day for 1 year was assumed
d  Ground plane iradiation dose conversion factors were adopted from DOE/EH-0070 (US88a) For Pu-239, -240, the higher of
the factors for the two isotopes was used
e  The hver recieves no significant dose from this pathway
i f The lung receives no significant dose from this pathway
\: J
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ousisotopicratios Tritum, a radionuchide formed by

natural processcs, also 1s associated with plant opera-

tions

Inhalation source terms for the 1988 dose assessment
were based on plutonium-239 and -240 concentrations
measured 1in ambient air samples  Although 1t 1s
known that much of this plutonium n air 1s from
residual fallout from past global atmosphenic weap-
ons testing, for the purpose of this dose assessment 1t
was conscrvatively assumed that all of the plutonium
onginated from the Rocky Flats Plant The ingestion
source terms were based on measured concentrations
of plutonium, amencium, uranium, and tntium n
water The ground-plane source terms were based on
mcasured values of plutonium in soil and an assumed
ratio of 020 for the americium to plutonium alpha
activity in the soil Thas ratio 1s the maximum level of

amencium n-growth from Rocky Flats plutonium
(US80a)

The maximum site-boundary dose assessmentassumes
that an individual 1s continuously present at the plant
penimeter, which actually 1s uninhabited  The pluto-
nium inhalation source termof 1 0X 10777 uCi/mi (37
X107 Bq/m?) was the maximum annual average con-
centration of plutonium-239 and -240, as measured for
asinglelocationin the penimeter ambient air sampling

nctwork

The water supply for the individual at the site bound-

ary was assumed to be Walnut Creek, which intermut-

tently flows offsite and provides the hquid effluent
source term at the site boundary Duning 1988, the
plutonium concentration in Walnut Creck averaged 1
X101 pC1/ml (@ X 10%Bq/1) Theaverageamencium
concentration was 1 X 10°""! uCi/mi (4 X 10 Bq/D

These concentrations were used as the water ingestion
source term for the maximum site boundary dose
assessment The average concentration of uraniumin
Walnut Creek was 4 8 X 10° pCi/ml (18 X 10 Bg/D)
while the average concentrationinincoming raw water
was 16X 10 uC1/ml (59 X 102 Bq/1) The source
term for uranium ngestion was the difference be-
tween these two values [3.2 X 107 pCi/ml (12X 10° 1
Bq/D] The average tritrum concentration in Walnut
Creek was less than zero and within the background
range typically measured in regional waters Thiscon-
centration of tntwum 1s an msignificant contnbutor to
dose Tntium in the water was, therefore, omtted

from the 1988 dose assessment

The ground-plane irradiation source term 1s based on
the maximum plutoniumin soil deposition at the plant
penimeter, asreported by the Environmental Mcasure-
ments Laboratory (US70) Ths source termis 3 X
102 uCi/m? 1 X 10° Bq/ m? The amencium 1s
assumed to be present at an alpha activity level of 20
percent of that of the plutonium, which 1s the maxi-
mum quantity of amencium that can be present in
Rocky Flats plutonium from the decay of plutonium-
241 (US80a) The amencium source term, therefore, 1s
conservatively estimated tobe 6 X 102 uCr/m? (2X10?
Bq/m?)
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TABLE 23 Radwactivity Concentrations Used for 1988 Dose Calculations W\
Ar Water Surface Deposition
(uCvmi) (RCvmi) ®Cvm?)
Maximum Stte Boundary ~ 10X10"77  1ox10'"  1ox10""  32Xx10° 3X 102 6X 1073
Community 50X 108 - - - - -
- J

Source terms and corresponding dose commutments
were cvaluated for each of the surrounding communi-
tics to determine the maximum community exposure
Ground-plane 1rradiation and water ingestion path-
ways were insignificant for all of the communities
The only significant pathway for radiation exposure
wasinhalationof plutormuminair Thesource term for
inhalation used 1in the dose assessment was the maxi-
mum annual average plutonium concentration meas-
ured incommunity ambient air [5 0X10" 8 puCi/mi(1 9
X 107 Bq/m3)] This concentration was the annual
average concentrahon measured for the Superior

ambient air sampler

A summary of the source terms for the maximum site
boundary and for community locations 1s tabulated 1n
Table 23
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The maximum dose to an individual continuously
present at the site boundary 1s based on the radionu-
chde concentrations shown in Table 23. From these
concentrationsand thedoseconversion factorsin Table
22,a50-year dose commtment of 7.5 X 10* rem (75X
10® Sv) 15 calculated as the effective dose equivalent
from all pathways The corresponding bone surfaces
dose1s12X 102 rem (12X 10*Sv) The Department
of Energy (DOE) intenm radiation protection stan-
dard for members of the public for prolonged penods
of exposure 1s 0 1 rem per year (1 X 102 Sv per ycar)
effectivedose equivalent Theintenimstandard for the

air pathway only 15 7.5 X 102 rem peryear (75X 10




14

6. Assessment of Potential Plant

64

Contribution to Public Radiation Dose

Sv per year) for any organ for internally deposited
radionuchides (VA85) The maximum site boundary
dosc represents 075 percent of the standard for all
pathways for the effective dose equivalent If all of the
dose were recerved from the air pathway, 1t would

represent 16 percent of the air emission standard for

il!\y organ
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Based on radionuchde concentrations in surrounding
communttics (Table 23), the calculated 50-year dose
commitmentsare2 9X 10° rem (2 9X 107 Sv) effective
dosc cquivalent and 52 X 10 rem (52 X 10 Sv) to
bone surfaces  These values represent less than 003
percent of the DOE intenm standard for effective dose
equivalent and 0 69 percent of the air emussion stan-

dard for any organ

The maximum site boundary and community 50-ycar
commutted dose equivalents are summanized in Table
24 Theeffective dose equivalents may be compared to
an average annual effective dose equivalent for the
Denver area of about 3.5 X 10" rem (3 5X 10 Sv) from
natural background radiation (NA87) (SeeTable25)
This natural background radiation level for Denver1s
higher than that shown for the total body in past
Annual Reports prior to 1985 and also higher than that
shown for effective dose equivalent 1n the 1985 and
1986 AnnualReports Thelevel reflects the most recent
assessment of natural background radiation exposure
of the population of the United States by the National
Counal on Radiation Protecthion and Measurements
(NCRP) (NA87) Itincludes the sigmificant contnbu-
tion to effective dose equivalent from inhaled indoor
radon, as well as the adoption of the ICRP 30 method-
ology of radiation dosimetry The cosmic radiation
and external primordial nuchdes sources shown 1n

Table 25 reflect the regional dose levels for the Denver

-

)
TABLE 24 Fifty-Year Commutted Dose Equivalent From One Year of Chronic Intake/Exposure
Effective Dose Equivalent Liver Bone Surfaces Lung
Source (rem) (rem) (rem) {rem)
Maximum Site Boundary Location 75X 104 49Xx10* 12X 1072 12X10*
Communty 29X10° 11x10%  s2x10* 54X10°
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arca which result from Denver’s hugher elevation and
greater concentrations of naturally-occurring radioac-
tivematerials insoil The internal primordial nuchdes
source includes the average dose from indoor radon
estimated by the NCRP for the entire United States

Investigations are now being conducted to determine
any regional differences in indoor radon doses that
may cxist  Once these studies are completed, the
estimates of natural background radiation dose for the
Denver arca may be modified again to reflect indoor

radon doscs that are specific to this region
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The dose commutment for all iIndividuals, to a distance
of 80 kilometers (50 miles), 1s based on the calculated
maximum community dose estimates shown in Table
24 Thecestimated committed effecivedoseequivalent
1sless than1X 103 rem or 1mrem (1X10° Sv) Alevel
of “1 mrem/yr” or less is specified as a de minimis
(inconscquential) level of exposure in the DOE Guide
enbitled, “A Guide to Reducing Radiation Exposure to
AsLow AsRcasonably Achievable (ALARA) “ (US80b)
The Guidce further states

“Radiation-induced mutations and
diseascs have not been discovered in

populations that are or have been

exposed to doses of 100 mrem/year
or less Hence, 1t 1s reasonable to
suggest that no hcaith effects will be
discerned 1if a population 1s exposed
to an additional 1 percent of the level,
1e,1 mrem/yr Anannual dose of 1
mrem should be regarded as a level

which 1s clearly de minimis ”

Based on thedemtrmimis conceptinthe Guideand on the
maximum community dose esimates, the dose com-
mitment for all individuals to 80 kilometers 1s consid-
ered to be de minimis

The Environmental Protection Agency (EPA) requires
that approved EPA procedures be used to demon-
strate comphance with 1its radioactivity air emissions
standards found in 40 CFR 61, Subpart H (US85) At
the wniting of this Report, the only procedure for
which the EPA has published approval 1s modeling of
radioactivity air enusstons data using the AIRDOS-
EPA atmosphernic dispersion/radiation dose calcula-
tion computer code. (US85) The Rocky Flats Plant1s
seeking EPA approval for using environmental (ambz-
ent) samphing as the basis for demonstrating comph-
ance with40 CFR 61, Subpart H This s the procedure
that1s descnibed above for calculating projected radia-
tion doses to the public Pending EPA approval of this
procedure, the AIRDOS-EPA computer code also has
been used to calculate projected radiation doses to the
public as a result of air emussions of radioactive mate-

nals from the Rocky Flats Plant The results of thus
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computer code calculabonindependently confirm that
the maximum radiation dose to amember of the public
as a result of exposure to airborne radioactivity from
the Rocky Flats Plant 1in 1988 1s less than 1 mrem

cffective dose equivalent

w
@ TABLE 25 Estimated Annual Natural w
Background RadiationDose for
the Denver Metropohitan Area (NA87)
Eftective Dose
Equivaient
Source {rem)
Cosmic Radiation 0 050
Cosmogenic Nuchdes 0 001 .
Prnmordial Nuchdes-External 0063
Primordial Nuchdes-Internal 0 239
Total for One Year (rounded 035
\q ( ) )




APPENDIX A

APPLICABLE GUIDES
AND STANDARDS

The Rocky Flats Plant Environmental Monitoring
Program evaluates plant comphance with all apph-
cable guides, imuts, and standards. Guide values and
standards for radionuchides in ambient air and water-
borne effluents have been adopted by the Department
of Energy (DOE), the Colorado Department of Health,
and (for the air pathway only) by the Environmental
Protection Agency (EPA) (VA85, CO78, US85) The
guides arc bascd on recommendations published by
the International Commussion on Radiologycal Protec-
tion (ICRP) and the National Council on Radiation
Protection and Measurements (NCRP) Ambuent air
data for nonradioactive parameters has been collected
at Rocky Flats for companson to the cnitena pollutants
histed under the EPA National Ambient Air Quality
Standards, established by the Clean Air Act. (US81b)
Instrumentationand methodology follow requirements
cstablished by EPA 1n the Quahty Assurance Hand-
book for Air Pollution Measurement Systems (US76b)
Limuts for nonradioactive pollutants in effluent water
have been defined by an EPA National Pollutant Dis-
charge Elimination System (NPDES) discharge per-
mut (US84a) In 1976, the EPA also established stan-
dards for radionuchdes in drninking water (US76a)
These drinking water standards have beenadopted, in
turn, by the State of Colorado (CO77, CO81) In 1973,
Colorado first enacted the Colorado Water Quality
Control Act (CO73) Standards forimplementation of

this Act were first enacted m 1974 and currently n-
clude prowvisions for protection of Colorado water-
ways from both radioactive and non-radioactive con-
taminants (CO87)

Inamemorandum of August5, 1985, the DOE adopted
an mtenim radiation protection standard for DOE
environmental activities to be implemented in CY
1985 (VA85) This intenm standard incorporates
guidance from the NCRP, as well as the EPA Clean Air
Act air errussion standards for radioactive emussions,
asimplemented in40 CFR 61, SubpartH (US83,US85)
Included 1n the intenm standard 1s a revision of the
dose hmits for members of the public Table A-1
summarizes the mtenm radiation dose hmuts for
members of the public. Tables of radiation dose con-
version factors to be used for calculating dose from
intakes of radioactive matenals were published by
DOEn July, 1988 (US88a, US88b) Thedose factorsare
based on ICRP Publications 30 and 48 methodology for
radiation dosimetry Effluent air and water Denved
Concentration Guides are secondary guides denved
from the pnmary dose standardsand were caiculated
using dose conversion factors and assumed air and
waterintakerates The calculated Denved Concentra-
tion Guides (DCGs) are based on the intenim standard
dose hmut for all pathways of 0 1 rem/year for a 50-

year commutted effective dose equivalent The dose
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conversion factors provided in the DOE publications
were used and intake rates of 8400 cubic meters per
year (2 66 X 10* m®/s) for air and 730 hiters per year (2
1/d) for water as prescnbed by the DOE Guidance
(US88b) The
DCGs are given in Table A-2 and are comparable in

were assumed for the calculations.

concept to the Radioactivity Concentration Guides
(RCGs) published by DOE for its previous radiation
protection standard given in DOE Order 5480 1A,
Chapter X1 (US81a)

The previous RCGs included permmussible concentra-
tions of speafic radionuchdes and mixtures of radi-
onuchdes n air (RCG,) and water (RCG,) for indi-
vidualsin the general population (US81a) Inaddition
to restncting specific radionuchdes, the guides re-
stricted the concentration of radionuchdes 1n a mux-
ture such that the sum of the ratios of each radionu-
chde concentration to the appropriate concentration
guide would not exceed a value of one The gindes
further stated that a radionuchide might be considered
as not present in a mixture if (a) the ratio of the
concentration of thatradionuclide in the mixture to the
concentration guide for that radionuchde did not ex-
ceed one tenth and (b) the sum of such ratios for all
radionuchdes considered as not present in the mixture

did not exceed one fourth

During 1988, average specific radionuchide concentra-
tionsinairand water for the Rocky Flats Plant wereall
less than one tenth of the appropnate Dertved Concen-

tration Guides for specific radionuchides  The sum of

the ratios of those average concentrations to their
respective DCGs wasless than one fourth for allairand
water sampling locations Applying the same meth-
odology for reporting muxtures under the DCG con-
cept as was used with RCGs, the measured concentra-
tions 1n the tables have been compared to the concen-
tration gudes for spealfic radionuchdes rather than to
the gmide for mixtures The fractions of ingested
radionuclides that are absorbed 1n the gastro-intest-
nal tract and the lung clearance classes for inhaled
radionuchides were chosen to yield the most restnictive
DCGs for comparisons in this report Throughout this
report, wherearadionuchdeconcentrahonisexpressed
as the cumulative measurement of more than one
1sotope, the stated DCG used for comparnson repre-
sents the most restnictive DCG for that grouping of
1sotopes Plutomum concentrations measured at Rocky
Flatsrepresent thealpharadioachvity from plutonium
1sotopes -239 and -240, which constitute over 97 per-
centof thealpha radioactivity in plutorium handled at
the plant

Reported uranium concentrations are the cuamulative
alpha activity from uranium-233, -234, and -238
Components contaiming fully ennched uranium are
handled at the Rocky Flats Plant Depleted uranium
metal 1s fabncated and also 1s handled as a process
waste material Uranium-235 1s the major 1sotope by
weight (93 percent) 1n fully enriched uranium, how-
ever, uranium-234 accounts for approximately 97
percent of thealpha activity of fully enniched urantum

In depleted uramium, the combined alpha activity
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fromuranmium-234and -238 accounts forapproximately
99 pereent of the total alpha acivity  The uranium
DCGs used in thisreport for air and water are those for
uranium-233, -234, and uramaum-238, which are the

most restrictive

Environmental uranium concentrations can be meas-
urcd by a varncty of laboratory techmques Nonradi-
ological techmques yield concentration units of mass
per unut volume such as mg/m?® and mg/1 The ura-
mum concentrations given in this report were denved
by mecasurning radioactivity from alpha-crmtting ura-
nium 1sotopes and are expressed 1n terms of activity
units per unit volume Rocky Flats data include meas-
urements of depleted uramium, fully ennched ura-

nium, and natural urantum

Conversion factors for specific types of urantum canbe
used to compare the data 1n this report to data from
other facihities and agencies that are given in units of
mass per unit volume, however, the resulting approxi-
mations will not have the same assurance of accuracy
as that for the onginal measured values Uranium in
cffluent air from plant buildings 1s pnimanly depleted
uranium The conversion factor for these datais2 6 X
100 g/C1 Natural uraniumis the predominant species
found in water The conversion factor for water datais
15X 10° g/C1  As an example, converting the 1988
mean concentration of uranium in water for Boulder
Rescrvorr (0004 X 10° nCi1/ml) to concentration units

of pg/ml would be done as follows

(0004 X 10°° uCi/miX1 5 X 10° g/Ci)(1 X 106
C1/uCi)(1 X 10° ng/g) =6X 10 pg/mi

The applicable EPA standard for berylhum (a nonra-
dicactive matenal) 1n airborne effluents from plant
buildings 1s 10 grams per stationary source 1n a 24-
hour time period (US78) The calculated DCG 1
ambientarr for plutormum-239 and -240 for members of
the public 1s 20 X 10°® uC1/ml (7 4 X 104 Bq/m®)

The calculated amencium-241 DCG in waterborne
effluents for members of the public1s 30X 10° uCr/ml
(11Bq/1) The comparable DCG for plutonium-239, -
240 1n water 1s 30 X 10”° puCi/ml (11 Bq/1) The most
restnctive calculated DCG for uramium-233, -234, and
-238 1n water 1s 500 X 10°° puCi/mi (19 Bq/1), which1s
the DCG for uranium -233 In waterborne effluents
available to members of the public, the calculated DCG
for trtium 1s 2,000,000 X 10”7 uCi/mi (74,000 Bq/1)

In1976, the EPA promulgated regulations forradionu-
chdes in dnnking water (US76a) These regulations
were effective on June 24, 1977, along with primary
dninking water regulations for microbiological, chermi-
cal, and physical contaminants The intent of the Safe
Drinking Water Act was to ensure that each state has
primary responsibility for maintaining dnnking water
quahity To comply with these requirements, the Colo-
rado State Board of Health modified existing State
drinking water standards to include radionuclides

(CO77,CO81) Two of the community drinking water
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standards arc of mnterest in this report The State
standard for gross-alpha activity (including radium-
226 but excluding radon and uranium) in community
water systems 1s a maximum of 15 pCi/lor 15 X 10°
pCi/mi (56 x 107 Bq/1) Amencium and plutorum,
which are alpha-cmitting radionuchdes, are included
n this mit - The limat for tntium in driinking water 1s
20,000 pCi/1 or 20,000 x 10 uC1/ml (740 Bq/1)

The Rocky Flats Plant NPDES permut, which the EPA
rerssued 10 1984 to DOE, established sanitary effluent
hmitations on  discharges from Pond B-3 (treated
scwage cffluent), imitations for nitrate and pH in the
discharge from Pond A-3 1n the Walnut Creek drain-
age, hmitations on discharge from the reverse osmosis
ptlot plant, on Woman Creek drainage, hmitations on
discharge from the reverse osmosis plant, and control
of scdiment release during discharge from Ponds A-4,
B-5,and C-2

In addition to cvaluating comphance with all appli-
cable guides, hmts, and standards, the Rocky Flats
Plant Health , Safcty and Environment Department
assists operational groups in adhering to the DOE
pohicy that " opcrations shall be conducted 1n a
manner to assurc that radiation exposure to individu-
als and population groups 1s hmited to the lowest
levels technically and cconomucally practicable ™
(Us81a)
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TABLE A-1 Radiation Protection Standards for the Public
For Department of Energy Facilities (VA85)
EFFECTIVE -
DOSE EQUIVALENT
{mrem/year)
FROM ALL PATHWAYS
OCCASIONAL EXPOSURES 500
PROLONGED EXPOSURES (> 5 years) 100
DOSE EQUIVALENT
(mrem/year)
INDIVIDUAL ORGAN 5,000
DOSE EQUIVALENT
) (mrem/year)
AIR PATHWAY ONLY
WHOLE BODY 25
\ ANY ORGAN 75 Jj

av

-
.t
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Table A-2 Applicable Guides for Radioactive and Nonradioactive Materials
Applicable
Parameter Guides and Standards Reference
Airborne Effluents ) B
Plutonium-239,-240 NA NA
Uranium-233,-234,-238 NA NA
Trtum (H-3) NA NA
Berylhum <10 0 g/day 40 CFR 61 32(a)
Ambient A
Plutonium-239,-240 200 X 1075 pCymi Calculated®
Waterborne Effluents
—Radoactive
Plutonium-239,-240 30 x 10 pCvmi Calculated®
Uranium-233,-234,-238 500 x 10 pCyml Calculated®
Americium-241 30 x 10°° pCvml Calculated®
Trtiwm (H-3) 2,000,000 x 102 pCvml Calculated®
Discharge Limptations®
Monthly Weekly Daily
Parameter Average Average Maximum Reference
Effluent Water Samples
Nonradh
pH 60-90SU NPDES Permit
Nitrates as N 10 mg/l 20 mg/l NA NPDES Permit
Total Phosphorus 8 mgf NA 12 mg/ NPDES Permit
Biochemical Oxygen 10 mg/ NA 25 mg/l NPDES Permit
Demand, 5-Day
Suspended Solids 30 mgh 45 mg/ NA NPDES Permit
Total Chromium 005 mg/l NA 01 mgh NPDES Permit
Residual Chlorine NA NA 05 mgf NPDES Permit
Oil and Grease NA NA Visual NPDES Permit
Fecal Colform - 200 400 NA NPDES Permit
No /100 ml
a Denved Concentration Guides (DCGs) calculated on the basis of DOE February
1986 memorandum using DOE dose imit of 0 1 rem/yr to members of the public from
all pathways dose conversion factors given in DOE/EH-0071, and intake rates of 2 66
X 102 mi/s for arr and 2 X 10° ml/day for water (ST86)
b These imitations are presented as indicators of the types of parameters and
associated concentration imits required by the NPDES permit Details of these
: requirements specific to each discharge location are given in the referenced
document (US84a) The daily and monthly bmitations indicated cannot be correlated
with the annual water quality data summanzed in Table 11
N

.
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QUALITY CONTROL

A Quality Program Plan and a Quality Control Pro-
gram Plan have been developed for the Environmental
Management (EM) and the Health, Safety, and Envi-
ronmental Analytical Laboratones (HS&E Laborato-
nes) Sections, respectively  Independent audits of
these plans, coupled with EM’sinternal environmental
audit and controls procedures, ensure that necessary
quality assurance and quahty control elements exist

for a comprchensive environmental monitoning pro-

gram

The Quality Program Plan developed by Environ-
mental Management provides controls for assurance
that

*  Current charters exist for all environmental pro-
gram clements that ensure all applicable require-
mentsare satisfied inacomprehensive, integrated

approach

¢ Currentoperating procedures exist for all phases
of EM opcrations and that these procedures are

implemented as written

¢  Appropnatc approvals are obtained prior to sig-

nificant program mitiations or changes

¢  The cquipment used i sample collection and
data analysis 1s appropniate to the assigned func-

tion and 1s opcrating as required

e Accurate documentation exists for all programs,

procedures, actions, and audits

e All vanances from procedures or equipment use
and performance are documented and explained

with an assessment

*  Appropnate guidehnes and standards for cnvi-
ronmental monitoring are identified, and docu-
mentation of comphanceis provided onarouthne
basis to Rocky Flats Plant management, Depart-
ment of Energy (DOE), and state and federal
regulatory agencies

The EM Quahty ProgramPlan establishes control points
and delineates responsibilities for specific categornes
of activibies, provides an information base from which
procedurescanbe developed, updated, and/orimple-
mented, establishes a state of emergency preparedness
mnits contingency plans, and provides documentation
to comply with rules and regulations of federal, state,

and local regulatory agencies

The Plan includes quality assurance flow charts and
quality matrices that illustrate activity networks and
corresponding quality elements of each responsibility
area A complete listing of activities and responsibili-

ties 1s also included 1n the Plan
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To cnsure data rchabihity, the HS&E Laboratones
Quality Control Program Plan outhnes 1its quality
control methods used inall phasesof laboratory opera-

tions

Ths laboratory quality control program includes the

following clements

*  Devclopment, evaluation, improvement, modifi-
cation, and documentation of analytical proce-

durcs

*  Scheduled instrument calibration, control chart-

ing, and preventive maintenance

*  Participation in intcrlaboratory quality compan-

son programs

* Intralaboratory quahty control programs

All samplebatches scheduled foranalysisby the HS&E
Laboratones Central Receiving Laboratory containan
avcrage of 10 percent control samples The controls
consist of analytical blanks prepared in-house and
standards prepared by the Rocky Flats Plant Chermus-
try Standards Laboratory

An analysis or group of analyses may be rejected and
the sample or samples scheduled for reanalysis for one

or morc of the following recasons

1 The chemical recovery 1s less than 10 percent or

greater than 100 percent

2 Theanalytical blanksn the analysts batch arc out

of acceptable range

3  Thestandardsinthe analysis batch are not within

acceptable himuts of error

4 The alpha encrgy spectrum 1s not acceptable
because of the following

a extra and/or umdentified peaks
b excess noise in background areas

¢ poor resolution of peaks *

5  The chemust in charge of the laboratory beheves

there 1s reason to suspect the analysts

Any unusual condition affecting the results, which 1s
noted either during sample collection or analysis, 15

reported to Environmental Management

Table B-11s a summary of HS&E Laboratones partici-
pation in the Rocky Flats Plant Interactive Measure-

ment Evaluation and Control System for 1988

The HS&E Laboratonies participates in the EPA Envi-
ronmental Montoring Systems Laboratory (EMSL)
and the DOE Environmental Measurements Labora-
tory Crosscheck Programs Tables B-2 and B-3 sum-
manze the HS&E Laboratones participation 1n these

programs

t ¥4
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a N
TABLE B-1 Health, Safety and Environmental Laboratories Interactive
Measurement Evaluation and Control System
. e - (January through December 1988)
Annual Range of
Normal Relative Relative Total
Standard Sample Error Error Control
Atinbute  Matnix Method Range Range Percent® Percent  Analyses
Pu239  Water Aipha Spectral  12-35 dm® 03 d/mi 73 -100t0-49 56
-240
Am 241  Water Alpha Spectral 07-21 d/mN 0-3 d/m/ -56 -9910 +19 55
U 238 Water Alpha Spectral 3-90 d/mA 0-30 d/mA -46 =100 to +20 56
-234
-235
H3 Water Liquid 5,000-60,000 d/mA 0-9,990 d/m/i -24 -84 10 +114 52
Scintillation
Pu 239, Effluent Alpha Spectral 4-120 dmA® 030 d/m/f +6 -97 to +635 115
240 Filters
Am 241  Effluent Alpha Spectral 3-90 d/m/f 0-4 d/m/f -5 -100 to +20 109
Filters
U 238, Effluent Alpha Spectral 10-300 d/m/f 0-30 d/mA -25 -100 to +14 115
-234, Filters
-235
Be® Effluent Atomic Absorption 03 -10 p.glfb 0-§ ng/f -6 -100 to +136 120
Filters
Be Workplace Atomic Absorption 0 3-10 pg/f 020 po/t -7 -94 to +197 1,132
Filters
Pu239 Ambient  Alpha Spectral 2-45 d/mA 0-50 d/mA -3 -48 to +243 52
-240 Filters
a The mean of the rauo of the 12 month differences between observed and standard values to the standard values in percent. This term is inclusive of all
random and systemalic error in the standards , analytical chemistry and measurement process for a given nuchide, matrix, and procedure
b d/md = disintegrations per minute per liter; d/m/f = disintegrations per minute per filter, pg/f = milcrograms per fiiter
¢ Analyzed by 881 General Laboratory

\&
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TABLE B-2 Health, Safety and Environmental Laboratories Participation in the
EPA Environmental Monitoring Systems Laboratory Crosscheck Program During 1988

Annual Range of
Number  Numberof Relative Relative
Isotope of Acceptable Error Error
Reported Matrix Method Analyses  Analyses® Percent® Percent
Gross Alpha  Filter Alpha Spectral 1 1 -133 NA®
Gross Beta  Filter Gas Proportional 1 1 -47 NA®
H-3 Water Beta Liquid Scintillation 3 2 158 16010790
Co - 60 Water Gamma Spectral 4 4 -17 -77t0133
Cs-134 Water Gamma Spectral 3 2 -156 -266to 80
Cs- 137 Water Gamma Spectral 4 4 73 0710266
Cr-51 Water Gamma Spectral 2 2 26 141036
Ru - 106 Water Gamma Spectral 3 2 -26 3 -30910-100
Pu - 239 Water Alpha Spectral 1 1 -20 NAC
U (nat ) Water Alpha Spectral 3 3 -23 -112t0110

a  “Acceptable analyses” are those analyses for which the observed value was within £ 3 standard dewiations of the standard
value

b  The mean of the ratio of the12-month differences between observed and standard values to standard values in percent This
term 1s inclusive of all random and systematic error in the standards, analytical chemistry, and measurement process for a
given nuchde matnx and procedure

¢ NA = Not applicable

\—
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7 )
TABLE B-3 Health, Safety and Environmental Laboratories Participation
in the DOE Environmental Monitoring Systems Laboratory
Crosscheck Program During 1988
Mean of Ratio
Isotope Number of Reported/Standard Range of

Reported  Matnx Method Analyses Value Ratios

Mn- 54  Water Gamma Spectral 1 113 NA%

Co- 60 Water Gamma Spectral 1 105 NA?

Cs-134 Water Gamma Spectral 1 107 NA?

Cs-137  Water Gamma Spectral 1 114 NAZ

Pu-239  Soil Alpha Spectral 1 161 NA2

U (nat) Solil Alpha Spectral 1 085 NAZ

Co-59 Water Gamma Spectral 1 116 NA?

a Not Applicable
\s Y
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APPENDIX C

ANALYTICAL PROCEDURES

The Health, Safety and Environmental Laboratones
(HS&E Laboratories) routnely perform the following

analyses on cnvironmental and effluent samples

1 Total Air Filter Counting
(Pu speaific alpha)
2 Gas Proportional Counting
(Gross alpha & gross beta)
3 Gamma Spectral Analysis
4 Alpha Spectral Analysis
(Pu-239, -238, Am-241,
U-238, -233, -234)
5 Bcta Liquid Scintillation (Tritium)
6 N,N-Dicthyl-p-phenylenediamine
(DPD) (Chlorine)
7 Atomic Absorphon (Beryllium)
8 Millipore Filtrahon Method
(Fecal and Total Coliform)

Procedures for these analyses are described 1n the
HS&E Laboratorics Procedures and Prachces Manual
(W182) The procedures for bactena and chlonneanaly-
ses were developed following Environmental Protec-
tion Agency (EPA) guidelines  Soil procedures were
devcloped following specifications set forth in “Meas-
urements of Radionuchides in the Environment, Sam-
pling and Analysis of Plutonium in Soil,” NRC Reg
Guide4 5 Allnew proceduresand changes to existing
procedures must be thoroughly tested, documented,
and approved in writing by the Manager of HS&E
Laboratones before being implemented  Environ-

mental Management 1s notified of any major changes
that could affect analytical results All procedures are
reviewed annually for consistency with state-of-the-art
techriques, or at any time an analytical problem 1s
suspected Copies of all procedures are kept on file in
the office of the Manager of HS&E Laboratones

The following 1s a general outhne of the analytcal

procedures followed by the laboratories

Samples recerved for arr filter screening are counted at
approximately 24 and then 48 hours after collection
Samples exceeding the hmuts set by Environmental
Management are recounted If the total long-lived
alpha concentration for a screened filter exceeds the
EM achon limuts, the filter 1s directed for individual
specific 1sotope analysis and/or followup inveshga-
tion to determine the cause and any needed corrective

action

All water samples, except those scheduled for trihum
analysis, are poured into one-liter Marinelli containers
and sealed before delivery to the gamma counting area

Routine water samples are counted for approximately
twelve hours Samples requinng a lower detection

limit are counted from 16 to 72 hours

Soil samples scheduled for gamma spectral analysis
are dned, sieved through a ten-mesh sieve, weighed,
and the fine portion 1s ball-milled The finc portionis
then placed ina 500-ml Marnnell: container and counted
for at least 16 hours
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All samples scheduled for alpha spectral analysis are
analyzed n a stmilar manner regardless of matrix
Prior to dissolution, a known quantity of nonindi-
genousradioactive tracerisadded to cach sample The
tracer 18 used to determine the chemucal recovery for
thec analysis Tracers used include Pu-236, Pu-242, U-
232, U-236, Am-243, and Cm-244 The type and activ-
ity level of the tracer used depends on the type and
projected activity level of the sample to be analyzed
All refractory or intractable actimides are dissolved by
vigorous acid treatment using oxidizing and complex-

ing acids

After samples are dissolved, the radioisotopes of con-
cern  are scparated from cach other and from the
matrix matenal by various solvent extraction and 10n
cxchange techmiques  The purified radioisotopes are
clectrodeposited onto stainless steel discs These discs
arc alpha counted for 12 hours If a lower minimum
dectection imit 1s required, samples may be counted
from 72 to 168 hours depending on theneed Samples
that exhibit a chemical recovery of less than 10 percent
or greater than 110 percent are automatically sched-

uled for reanalysis

Tntium analyses are routinely performed on specified
environmental water samples as well as stack effluent
samples Five milhliters of the samples are combined
with 15 milliliters of iquid scintillation fluild Environ-
mental samples generally are counted for 120 minutes
and arrborne cffluent samples generally are counted

for 10 minutes

The General Laboratory routinely performs the fol-

lowinganalyses for cnvironmental monitoring of plant

cffluent streams, process wastes, and soil residucs

1 Dissolved metalhicelements including tests for 19
cations by Inductively Coupled Plasma Spectras-
copic (ICP) techriquesand 17 clements by atomic
absorption techniques (including beryllium n
airborne effluent sample filters)

2 Oxygen demand tests, including total orgamc
carbon, dissolved oxygen, chemucal oxygen
demand, and biological oxygen demand (5 day

incubation)

3 Nutnent testsincluding freeammonia, ortho and
total phosphate phosphorus, nitnte and nitrate

anions

4  Physical tests, including pH, conductivity, color,
total dissolved solids, suspended solids, turb:d-

1ty, and specific gravity

5  Soap residues (as alkyl sulfonate)

6  Oil and grease residues, by extraction and infra-
red or gravimetric detection, and by visual obser-

vation

7  Speafic chemical property or element, including
total hardness (as calctum carbonate), alkahimty
(as hydroxide, bicarbonate, or carbonate), chlo-
nde, fluonde, cyanude, sulfate, and hexavalent

chromium

8  Radioactive species, including gross alpha and
beta by gas proportional detection, tritium by
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hquid scintillation detection, total radiostrontium
by gravimetnc scparation followed by gas pro-
portional detection  Isotopes of plutonium,
amencium, and uranium are determined by 10n
exchange and hiquid extraction techniques fol-

lowcd by alpha pulse height analysis

9  Polychlonnated biphenyl and volatile and semu-
volatilecompounds fromthe EPA Contract Labo-
ratory Program (EPA-CLP) Target Compound
List are analyzed by gas chromatography/mass
spectrography Phenols also are analyzed using
spectrophotometry

Procedures for these analyses were developed by the
Gencral Laboratory analytical technical staff Proce-
dures were adopted from EPA-approved sources or
fromother recognized authontative publhicatons where
EPA-approved procedures were not available Labo-
ratory opcrations procedures are documented 1n a
standard format, approved by the manager of the
Rocky Flats Analytical Laboratones, and distributed
to a controlled distnbution hist to assure that proper
testing and approval 1s performed before changes are
adopted The General Laboratory Quality Assurance
Plan requires annual review of procedures for consis-
tency with state-of-the-art techniques and compliance
of laboratory practice with wntten procedures In
addition, a review 1s performed whenever an analyt-

cal problem 1s indicated

The following 1s a general outline of the analyhcal
procedures followed by the General Laboratory

All water samples which are analyzed for radioactive

materials - except those scheduled for tntium analysis

- are aadified immediately upon collechon

Liquid samples received for gross alpha and beta
screening are evaporated directly onto planchets for
gas proportional counting When activitics exceeding
the action guidelines set by Environmental Manage-
ment (EM) are observed, notification to EM 1s made,

and reanalysis and/ or investigation may be required

For some hquids such as machine oils, a spcaified
volume 1s evaporated, ashed, and the salt residue 1s
taken upin mtncacd for deposition onto the counting
planchet. A correction factor 1s determuned for each

sample to account for self-absorption effects

Water samples to be tested for chemical and physical
parameters are analyzed within 24 hours of collection,
or they are preserved by refrigeration, frcezing, or
addition of a chemical preservative when required

The tests performed include gravimetric, titrametnc,
colonmetnc, chromatographic, or electroanalytical
methods, following procedures specified n the 16th
edition of Standard Methods for the Examination of Water
and Waste Water, Methods for Chermcal Analysis of Water

and Wastes, or other authoritative pubhicahons

Water samples to be analyzed for dissolved metallic
10ns are filtered through a 0 45 micrometer filter, pre-
served with nitric acid and digested before being ana-
lyzed by atomic absorption or ICP methods

Organic toxic species are determined by chromatogra-
phy, using electron capture detection Some organics,

such as phenol, are determuned by developing a chro-
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maphoric complex and measuring ight absorption at
a speafic wave-length with a spectrophotometer
Mcasuring occurs after extrachon into an appropriate

solvent phase

Trittum 1s measured using hquid scintillation count-
ing Counting efficiency 1s determined using a sepa-
rately - prepared sample to which is added a known

standard tntium activity

Strontrumisradiochemucally separated from the sample
matnx using precipitation techmques Strontium 1s
deposited on planchets with a carrier element and the
activity 1n the sample 1s quantified using beta gas

proportional counting

EI
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APPENDIX D

DETECTION LIMITS AND
ERROR TERM PROPAGATION

The Rocky Flats Health, Safety and Environmental
Laboratories (HS&E Laboratonies) have adopted the
following defimtion for detection himit, as given by
Harley (HA72)

“The smallest amount of sample activity using a given
measurement process (1e chemical procedure and
detector) that will yield a net count for which there 1s
confidence at a pre- determined level that activity 1s

present ”

The mimimum detectable amount (MDA) 1s the term
used to descnibe the detection Iimit and 1s defined as
thc smallest amount of an analyzed matenal 1n a
sample that will be detected with a B probability of
non-detection (Type II error), while accepting an o
probability of erroncously deteching thatmatenal inan
appropriate blank sample (Type I error) At the 95%
confidence level, both a and B are equal to 005

Bascd on the approach presented 1n draft ANSI stan-
dard N1330 “Performance Criteria for
Radiobioassay,”(HE85) the formulation of the MDA

for radioactive analyses 1s

MDA =4 655 + 3/(TE.Y)

aVv

where Sy = standard deviation of the population
of appropnate blank values

(disintegrations per munute, d/m)
Ty =sample count ime (minutes, m)

Eg = absolute detection efficiency of the

sample detector
Y = chemical recovery for the sample

a = conversion factor (disintegrations

per munute per unit achvity)

(a=222d/m/pCiwhen MDA 15
mnunits of pC1 and a=222X 10
d/m/uCi when MDA 15 1n
units of uCi)

V = sample volume or weight (V=1
if the MDA per sample 1s desired )

The major component of the MDA equation 1s the
vanabihty of the blanks

Table D-1 shows the various formulae used for alpha
data reduction during 1988
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Table D-2 shows the typical MDA values for the van-
ous analyses performed by the HS&E Laboratones
and by the General Laboratones These values are
bascd on the average sample volume, typical detector
cfficiency, detector background, count ime, and chemu-
cal recovery MDA values calculated for individual
analyses may vary significantly depending on actual
sample volume, chemical recovery, and analytical blank

used

For nonradioactive parameters, various means are
used to estimate a mimimum detectable amount de-
pending on the parameter measured The mmimum
detectable amount for beryllium in effluent air - ana-
lyzed using flameless atomic absorption spectroscopy
-15 based ona sample blank absorbance reading  Total
chromium n cffluent water samples undergoesa four-
fold concentration of the received sample prior to 1ts
analysis using flame atomic absorption spectroscopy
Its approximate mimimum detectable amounts based

on a net sample absorbance reading of 0 010

The parameters of nitrate as N, total phosphorous,
suspended sohds, o1l and grease, and total orgamic
carbon all have minimum detectable amounts that are
determined by procedural methods found in EPA-600,
Methods for Chemical Analyss of Water and Wastewater
(US87¢) The parameters of pH and biochemucal oxy-
gen demand have mimimum detectable amounts that
arc determined by the minimal readout capability of

the instrumentation that 1s used

The minimum detectable amount for residual chlorine

1s determined by the procedure found 1n a pubhcation

by Hach Co , “DPD Method for Chlorine “(HA83) For
fecal coliform count, the mmimum detectable amount
1s calculated as 4 65 times the standard deviation of the

blank value from the milhpore filter

ot
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Error Term Propagation

r R
Table D-1 Formulae for Activity and Uncertanty Calculations for the Alpha Spectral Analysts Systems

Non-Blank Corrected Sample Activity lan mple A
- -
s B By = Aa - An
Ty Tg Ds]
Ast =
| V22
T T
- § B -
Non-Blank Corrected Sample Uncertainty* Blank Corrected Sample Uncertainty
r
Ca B Cy  ©p 2 ba = <“sxz + anz) 172
—_— — —_— —
T S2 Tg2 Tsz Tg2
asx = Asﬂ +
Car i CS) CB] 2
T T T T
& S B S B J
*Corrected from 1984 report
e )
LEGEND
An = Non-blank corrected activity of laboratory reagent blank for 1sotope 1 expressed as picocuries (pCr)
per unit volume
a
n =  Non-blank corrected uncertainty of laboratory reagent blank expressed as pCh per umit volume
s =  Sample activity for 1sotope 1 expressed as pCi per unit volume
2 =  Sample activity uncertainty expressed as pCi per unit volume
Ba =  Blank corrected sample activity for 1sotope 1 expressed as pC1 per unit volume
b51 =  Blank corrected sample uncertainty expressed as pCi per unit volume
Ds] =  Activity (dpm) of internal standard 1sotope j added to sample
s =  Sample gross counts for isotope 1
Cs; =  Sample gross counts for internal standard 1sotope
B =  Detector background gross counts for 1sotope 1
CB] =  Detector background gross counts for intcrnal standard 1sotope )
Ts =  Sample count time expressed 1n minutes
g =  Detector background count time expressed 1n minutes
A =  Sample unit volume or sample unit weight
\ P P & Y,
k\‘ J

—h L
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TABLE D-2 Detection Limits for Radioactive and Nonradioactive Materials

Parameter

(rocrm

i i
Plutonium -239, -240
Uranium -233, -234, -238
Americium -241
Trtum (H-3)
Beryllium

Ambient Air Samples
Plutonium -239, -240

Effluent Water Samples
{Radioactive)
Plutonium -239, -240

Uranium -233, -234, -238
Amernicium -241
Trtum (H-3)

Soil Samples
(Radigactive)
Plutonium -239, -240

Effluent Water Samples
(Nonradioactive)

pH

Nitrate as N

Total Phosphorus

Biochemical Oxygen Demand,

5-Day
Suspended Solids
Total Chromium
Residual Chiorine
Oil and Grease
Fecal Coliform Count
Total Organic Carbon

Monthly composite

Minmum
Detectable
Amount

{per sample)

38 X107 pCi
57 X107 pCi
18x 107 uCi
48x10%uc
25X 10" pg

12X107 por

92 X 108 uCi
29X 107 pCi
158X 10'7].101
25X10%pcC

84Xx10° puci

Composite of two bi-weekly samples

Approximate
Sample Volume

Analyzed®

7.340 m3P
7340 m3®
7.340m3 P
14 ma

7,340 m3®

20,000 m ¢

5,000 m!
1,000 ml
5,000 ml
5mi

10g

100 mi
4 mi
50ml

300 mi
100 mi
100 mi

10 mi
1,000 m!
10-100 ml
5 ml

Volume analyzed is usually an aliquoted fraction of the total sample volume collected

Minimum Detectable
Amount

(per unit volume or mass)

005 x 1015 pcyml
008 X 1075 pCyml
002 X 10715 pCvml
3,400 X 10°'S pcumi
3X 105 pg/m®

0004 X 10°'S uCvml

002 X 10 pCyml®
029X 10 pCuml
003 X 10 pCymt®
500 X 10 pCvml

84 X 10° pcrg

0-14 SU
002 mg/l
02 mgA

50 mg/

10mgA

0 05 mg/t

01 mgA

05 mg/

43 organisms/100 mi
10 mgA

J




APPENDIX E

REPORTING OF MINIMUM

DETECTABLE CONCENTRATION

AND ERROR TERMS

Throughout the section entitied “Monitoring Data
Collection, Analysces, and Evaluation” 1n this report,
some of the concentrations that are measured at or
below the minimum detectable concentration (MDC)
arcassigned theMDC value Theless-than symbol (<)
indicates MDC values and calculated values that in-

clude onc or more MDCs

The plutonium, uranium, amerncium, and berylhum
mcasured concentrationsarereported Thesereported
concentrations include values that are less than the
corresponding calculated MDCs and 1n some cases,
valucsless thanzero Negative values result when the

measured value for a laboratory reagent blank 1s sub-

tracted from an analytical result that was measured as
a smaller value than the reagent blank These resulting
negative values are included 1n any anthmetic calcula-

tions on the data set

Error terms in the form of a + b are included with some
ofthedata Forasinglesample,“a”1sthereagent-blank
corrected value, for multiple samples 1t represents the
average value (arithmetic mean) The error term “b”
accounts for the propagated statishical counting uncer-
tainty for the sample and the associated reagent blanks
at the 95 percent confidence level These error terms

represent a minimum estimate of error for the data
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activity Sce radioactivity

alpha particle A positively charged particle emutted from the nucleus of an atom having the same charge
and mass as that of a hellum nucleus (2 protons, 2 neutrons)

atom Smallest particle of an element capable of enterning into a chemical reaction

beta particle A negatively charged particle emitted from the nucleus of an atom having a mass and charge
cqual to that of an electron

contamination The deposition of unwanted radioactive matenal on the surfaces of structures, arcas, objects,
or personnel

concentration The amount of a specified substance or amount of radioactivity in a given volume or mass

cosmic radiation Radiation of many types with very high energies, onginating outside the earth’s atmos-
phere  Cosmic radiation 1s one source contributing to natural background radiation

curie (C1) The traditional unit for measurement of radioactivity based on the rate of radioactive disintegra-

tion  One curie 1s defined as 3 7 X 10'% (37 billion) disintegrations per second Several frachons and multiples
of the cune arc 1in common usage

milhicurie (mC1) -10% Ci, one-thousandth of a curie, 37 X 10 disintegrations per sccond
mucrocurie (uC) 10 C, one-mallionth of a cune, 37 X 104 disintegrations per second
nanocurie (nC1) -10” C1, ,one-billionth of a cune, 37 disintegrations per sccond

picocurie (pCr) -10""?, one-trllionth of a cure, 0 037 disintegrations per second

femtocurie (€C1) -107° Cy, one-quadnihonth of a cune, 0 000037 disintegrations per second -

attocurie (aC1) 1018 Ci, one-quintilhonth of a curie, 0 000000037 disintegrations per second

decay, radioactive The spontaneous transformation of one radionuclide into a different radioactive or
nonradioactive nuchde, or into a different energy state of the same radionuchde

Dertved Concentration Guide (DCG) Secondary radioacthivity in air and water concentration guides used
for comparison to measured radioactivity concentrations Calculahon of DCGs assumes that the exposed
individual inhales 8,400 cubic meters of air per year or ingests 730 liters of water per year at the speafied
radioactivity DCG with a resulting radiation dose of 0 1 rem effective dose equivalent

disintegration, nuclear A spontaneous nuclear transformation (radicactivity) charactenzed by the emission
of encrgy and /or mass from the nucleus of an atom

dose, absorbed The amount of energy deposited by radiation 1n a given mass of matenial The unit of
absorbed dose 1s the rad or the Gray (1 Gray =100 rad )

[
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. Glossary

dose commitment The total radiation dose projected to be received from an exposure to raciation or intake
of radioactive matenal throughout the specified remaining hifeime of an individual In theoretcal calcula-
tions, this specified hfetime 1s usually assumed to be 50 years

dose equivalent A modification to absorbed dose which expresses the biological effects of all types of
radiation (¢ g , alpha, beta, gamma) on a common scale The unit of dose equivalent 1s the rem or the sievert
(1 sievert =100 rem)

exposure A measure of the 1on1zation produced 1n air by x- or gamma radiation The special unut of expo-
sure 15 the Roentgen (R)

gammaray High-energy, short-wavelength electromagnetic radiation emutted from the nucleus of an atom
Gamma radiation frequently accomparues the emussion of alpha or beta particles Gamma rays are identical
to x-rays except for the source of the emussion

half-life, radioactive The time required for a given amount of a radionuchde to lose half of its actinity by
radivactive decay Each radionuclide has a urique half-hife

1sotopes Forms of an element having the same number of protons 1n their nucler and differing in the number
of ncutrons

minimum detectable concentration (MDC) The smallest amount or concentration of a radio-element that
can be distinguished 1n a sample by a given measurement system in a preselected counting hme at a given
confidence level

natural radiation Radiation arising from cosmic sources and from naturally occurning radionuchdes (such as
radon) present in the human environment

outfall The place when a storm sewer or effluent line discharges to the environment.
part per billion (ppb) Concentration unit approximately equivalent to pg/1
part per million (ppm) Concentration umt approximately equivalent to mg/1

person-rem The tradiational unit of collective dose to a population group For example, a dose of one rem to
10 individuals results 1n a collective dose of 10 person-rem

qualty factor The factor by which the absorbed dose (inrad or gray) 1s multiphed to obtain the dose equiva-
lent (in rem or sievert)  The dose equivalent 1s a unit that expresses, on a common scale for all iomzing
radiation, the brologrcal damage to exposed persons It 1s used because some types of radiation, such as alpha
particles, are more biologically damaging than others.

rad A traditional unut of absorbed dose The International System of Unuts (S I) urut of absorbed dose 1s the
gray (Onc gray =100 rads)

radioactivity The spontaneous emussion of radiation, generally alpha or beta particles, often accompanied by
gamma rays, from the unstable nucleus of an atom

radionuchide An atom having an unstable ratio of neutrons to protons so that it will tend toward stability by
undergoing radioactive decay A radioactive nuchde
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Glossary 95

rem The traditional unit of dose equivalent Dose equivalent 1s frequently reported in units of mullirem
(mrem) which 1s one-thousandth of a rem  The International System of Umits (S 1) umit of dose equivalent 1s
the sievert  (one sievert = 100 rem )

roentgen (R) The traditional unit of exposure to X- or gamma radiation based on the 10nization 1n air caused

by the radiation One roentgen 1s equal to 2.58 X 10* coulombs per kilogram of air A common expression of
radiation exposure 1s the milhiroentgen (1R = 1000 mR )

sievert (Sv) International System of Unuts (S 1) Unat for radiation dose, 1 Sv = 100 rem

thermoluminescent dosimeter (TLD) A device used to measure external sources (1 ¢, outside the body) of
penetrating radiation such as X-rays or gamma rays

tritium (H-3). The hydrogen 1sotope having one proton and two neutrons in the nucleus It 1s radioactive
and emuts a low cnergy beta particle (0 0186 MeV max)

uncontrolled area Any area to which access 1s not controlled for the purpose of protecting individuals from
exposure to radiation and radioactive materials. The arca beyond the boundary of the Rocky Flats Plant 1s an
uncontrolled arca

worldwide fallout Radioactive debns from atmospheric weapons tests that 1s either airrborne and cyching
around the carth or has been deposited on the earth’s surface
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TRADITIONAL AND INTERNATIONAL SYSTEM
OF RADIOLOGICAL UNITS

(Traditional uruts are in parentheses)

Expression in Terms
Quantity Name Symbol of Other Unuts
absorbed dose gray Gy Jkg!
(rad) rad 102 Gy
activity bequerel Bq 1dps
(cune) Ct 37X 10"Bq
dose equivalent sievert Sv Jkg'1
(rem) rem 102Sv
exposure coulomb per
klogram Ckg™!
(roentgen) R 258 X 10 Ckg?
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